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Abstract: Breathing polluted air is a risk to respiratory conditions. During the Greek financial crisis,
the use of household fireplaces/wood stoves shifted from mostly decorative to actual domestic heat-
ing, resulting in increased indoor smoke production. We aimed to evaluate household air pollution
(HAP), fuel use and respiratory symptoms in rural Crete, Greece. PM2.5 and CO were measured in
32 purposively selected rural households (cross-sectional study) at periods reflecting lesser (baseline)
versus extensive (follow-up) heating. Clinical outcomes were assessed using questionnaires. Mean
PM2.5 were not significantly different between measurements (36.34 µg/m3 vs. 54.38 µg/m3, p = 0.60)
but exceeded the WHO air quality guidelines. Mean and maximal CO levels were below the WHO
cut-offs (0.56 ppm vs. 0.34 ppm, p = 0.414 and 26.1 ppm vs. 9.72 ppm, p = 0.007, respectively). In
total, 90.6% of households were using wood stoves or fireplaces for heating, but half also owned
clean fuel devices. The differences between devices that were owned versus those that were used
were attributed to financial reasons. In both cases, the most frequent respiratory symptoms were
phlegm (27.3% vs. 15.2%; p = 0.34) and cough (24.2% vs. 12.1%; p = 0.22). Our findings demonstrate
the magnitude of HAP and confirm the return to harmful practices during Greece’s austerity. Upon
validation, these results can support strategies for fighting fuel poverty, empowering communities
and strengthening local health systems.

Keywords: household air pollution; PM2.5; CO; respiratory health; fuel poverty; economic crisis;
Greece

1. Introduction

Breathing polluted air is a risk factor to most respiratory conditions [1]. Improving
air quality and reducing exposure to any kind of smoke are important steps towards
promoting respiratory health [2]. In many low-resource settings, however, smoke produced
by burning biomass inside households for heating and/or cooking is an important source of
household air pollution (HAP) [3], the levels of which may often exceed the internationally
established air quality standards [4,5].

In such settings, indoor biomass burning is mainly attributed to financial and aware-
ness reasons, which impede the availability and purchase of clean fuels and the adoption
of preventive measures [6]. Yet, accumulating evidence suggests that exposure to HAP
can substantially increase the burden and risk of chronic obstructive pulmonary disease
(COPD) and can affect lung health in childhood [7–10]. Specifically for Greece, about
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1838 deaths and 31,611 disability-adjusted life years (DALYs) have been attributed to HAP
(age-standardized rates of deaths and DALYs per 100,000 capita: 6 and 136.7, respec-
tively) [11]. Worldwide, biomass fuels are approximately used by 50% of households,
exposing more than three billion people to the adverse effects of indoor air pollution [4].

In Greece, the issue of air quality deterioration received prominence during the
peak of the recent financial crisis, which substantially affected the country. Outdoor air
quality data from urban settings suggested a dramatic rise in the concentration of airborne
particulate matters during the winter period, which, apart from morning traffic hours, also
peaked at noon [12–14]. Additionally, measurements of carbon monoxide during the night
time suggested that emissions from biomass combustion contributed increasingly to the
atmospheric pollution of urban areas [15]. The phenomenon was attributed to an increased
use of fireplaces which, due to the significant increases in the price of conventionally-used
fuel oil, shifted from mostly decorative reasons to actual domestic heating [16,17]. A
survey of 598 Greek households showcased the impact of the economic crisis on energy
consumption, highlighting that low-income households were even more vulnerable to
being “fuel poor” [18].

Comparative figures demonstrate that biomass fuel use in Greece has increased be-
tween the pre- and post-financial recession periods. Namely, in 2005, slightly more than
2% of the total energy use in the household sector was attributed to biomass burning. In
2030, it is estimated that the respective share will reach almost 4%. These estimates exceed
the European Unions’ overall use, where, in 2005, biomass combustion in the residential
sector accounted for 1.9% of total energy use, while the respective estimate for 2030 is
approximately 3% [19].

Despite the above evidence, little is known about the magnitude and health effects
of HAP in Greek households. Data are even scarcer for rural areas, which, despite being
more deprived than urban areas, have been equally affected by austerity [20]. Households
in Greek remote and mountainous areas are even more prone to fuel poverty than urban
areas due to their increased heating needs, accessibility and economic restrictions [21]. The
economic recession also seems to have had a particular impact on disease management for
patients with chronic respiratory diseases [22], as well as on the general respiratory health
of the rural population of Crete [23].

This study aims to assess HAP levels, heating activity and residents’ respiratory
symptoms and awareness between periods of differing biomass use intensity in rural
Crete, Greece, to reflect on the generalized impact of the country’s economic recession on
health-related practices and outcomes.

2. Methods
2.1. Design, Setting and Participants

A cross-sectional study was conducted as part of the European, Horizon 2020 pro-
gramme “FRESH AIR” [24]. In eight purposively selected rural and remote villages in
the county of Heraklion, Crete, Greece, households using biomass fuels for heating were
identified for the measurement of indoor air pollution. In each house, a household survey
was completed by the person most responsible for domestic issues and an individual
questionnaire was administered to all adult residents. Both tools included a combination
of open- and closed-ended questions and were administered by the researchers to the
participants during a face-to-face interview.

2.2. Environmental Outcomes

Environmental outcomes of HAP were assessed by measuring carbon monoxide (CO)
and particulate matter smaller than 2.5 µg (PM2.5). Measurements were conducted by
trained researchers who visited the participating households at two time points reflecting
periods of lesser (baseline: November–December 2017) versus extensive heating (follow-up:
January–March 2018). Normally, these periods should reflect the verge of change between
the seasons that influence the intensity of fuel use. CO and PM2.5 levels were recorded
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for 48 h each time. A stationary monitoring was performed. Namely, researchers visited
households and placed the CO and PM2.5 monitors above the central fireplace/stove,
usually located in the central living room or kitchen. Researchers returned two days later to
collect the monitors. Both at baseline and follow-up, all households of the same village were
generally measured simultaneously, although measurements between different villages
were performed on different days (due to a limited number of monitors available for this
study). In cases where fast monitor battery discharge was identified during the monitor
collection visit, the measurement was repeated on another day.

2.3. PM2.5 Monitoring

PM2.5 levels were measured using the RTI MicroPEM Sensor (https://www.rti.org/
impact/micropem-sensor-measuring-exposure-air-pollution, accessed on 1 October 2021).
The MicroPEM provides fully representative personal exposure characterizations by si-
multaneously defining the integrated exposure (filter based) as well as the patterns of
exposure (real-time) in a wearable, lightweight, quiet, low-burden monitor. Due to lim-
itations in device availability, in this study, the MicroPEM was placed above the central
fireplace/stove of the household rather than worn personally. The MicroPEM collects up
to 500 micrograms of PM on a 25 mm PTFE filter for gravimetric and speciation analyses.
The laser-based light scattering nephelometer collects real-time PM concentration data at
up to 3 s resolution over a range from 3 to 15,000 g/m3. The 3-axis accelerometer monitors
the frequency and intensity of movement for protocol compliance determination. The
nephelometer and accelerometer data can be combined to calculate the potential inhaled
dose. For this study, this calculation was performed by RTI experts in the USA.

Quality control metrics continuously monitored are temperature, relative humidity,
pressure drop across the filter, battery voltage and sample flow rate. The comparability of
MicroPEM PM and accelerometer data to a known “referee” standard defines its accuracy.
The MicroPEM achieves the US EPA criteria for PM2.5 and PM10 impactor cut-points,
±0.5 µm. Collocated laboratory testing has shown the calibration slope is within ±15% and
the intercept is within ±10% of the standard. The accelerometer standard is the downward
1.0 G value when at rest and the MicroPEM performs within ±5% of this value. Filter mass
and nephelometer mass concentration precision are within ±15% over the full concentration
range. The minimum valid data capture rate, also known as completeness, should exceed
95% when the MicroPEMs are properly maintained and correctly programmed for sample
collection.

After 48 h sampling, the MicroPEM devices were taken to a central location to un-
dergo filters’ change, calibration and flow checking for next use. Measurement data were
downloaded using the MicroPEM Docking Station software. The Docking Station is also
the interface for calibrating the pump flow, performing nephelometer calibration, pro-
gramming system cycling and customizing data validity parameters. The data download
process retrieves the logged nephelometer, accelerometer, pump flow and other quality
control data. Filters from the MicroPEM measurements were sent to RTI in the USA for
analysis.

2.4. CO Monitoring

CO levels were measured using the Lascar EasyLog USB (https://www.lascarelectronics.
com/software/easylog-software/easylog-usb, accessed on 1 October 2021). This standalone
data logger measures and stores up to 32,510 Carbon Monoxide (CO) readings over a 0 to
1000 ppm measurement range and −10 to +40 ◦C (14 to +104 ◦F) operating temperature
range. The user can easily set up the logging rate and start time, and download the stored
data by plugging the data logger into a PC’s USB port and running the purpose designed
software. The data can then be graphed, printed and exported to other applications. Data
is stored in non-volatile memory and is retained when the battery is empty. In this study,
conduction of CO monitoring was also stationary rather than personal.

https://www.rti.org/impact/micropem-sensor-measuring-exposure-air-pollution
https://www.rti.org/impact/micropem-sensor-measuring-exposure-air-pollution
https://www.lascarelectronics.com/software/easylog-software/easylog-usb
https://www.lascarelectronics.com/software/easylog-software/easylog-usb
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2.5. Household Survey

In addition to the above, a household survey was administered at both visits. This
assessed housing characteristics (dwelling condition and age) and space heating activity,
namely, duration of heating, type of heaters owned and type of heaters used (multiple-
choice questions), reasons for differences between heaters owned vs. used (open-ended
question), type of fuels used (multiple-choice question) and presence of other respiratory
exposures (tobacco smoking indoors and type of smoking products as multiple-choice
questions). This questionnaire was designed by the research team and adapted to the local
context. At each time point we also kept track of the weather conditions by recording
temperature and wind speed, according to the official weather forecast that was issued on
the date of each household visit by the national meteorological service.

2.6. Clinical Outcomes

Respiratory health outcomes were assessed through an individual questionnaire,
which was completed by all adult household members who were in the house during
baseline and follow-up visits. This questionnaire was formed by the research team and
adapted to the local context, but it also included typical, standardized scales for measuring
respiratory symptoms. Data were collected on sociodemographic characteristics (age,
gender) and symptoms experienced in general during each of the time points (cough,
phlegm, wheezing, breathlessness, the Clinical COPD Questionnaire (CCQ), Medical
Research Council (MRC) dyspnea scale). Presence of each symptom was recorded as a
yes/no question. The CCQ total score was calculated as the sum of all items divided by
ten, with higher value indicating lower health status [25]. The MRC dyspnea scale consists
of five items grading a person’s perceived breathlessness, with higher grades indicating
higher perceived respiratory disability [26]. Similarly, symptoms experienced specifically
when the heater was on (cough, phlegm, wheezing, breathlessness, headache, irritated eyes,
nasal congestion, running nose, irritated throat, chest tightness, nausea, fatigue, dizziness,
irritability), diagnosis of lung diseases (asthma, COPD, tuberculosis, pneumonia, lung
cancer) and diagnosis of comorbidities (diabetes, heart disease, stroke, eye disease/cataract)
were also recorded. Awareness (knowledge on the harmful effects of biomass burning
for adults and children with sources of respective information) was finally added as three
closed-ended survey questions as an important health-related outcome.

2.7. Study Size

The study size was based on resource considerations, namely the availability of CO
and PM2.5 measuring devices along with the time and costs associated with performing the
measurements. Household recruitment and engagement were facilitated by four general
practitioners (GPs) serving the targeted population, who identified eligible households from
their medical records and performed the initial invitation via a face-to-face or telephone
communication. Each GP identified two villages from the catchment area of their practice
and invited four eligible households from each village. Subsequently, a convenience sample
of 32 households was recruited.

2.8. Statistical Analysis

Data were summarized descriptively. Changes between baseline and follow-up mea-
surements were explored using McNemar’s tests for categorical variables and Wilcoxon
signed rank test for continuous variables. Critical p-value was set at the 0.05 level. Analyses
were performed using IBM SPSS v23.

2.9. Ethics

The study was approved by the 7th Health Region of Crete (Pr. No: 6951). All
participants provided signed informed consent prior to their participation.
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3. Results
3.1. Environmental Exposures

Baseline measurements and household surveys were completed by all 32 identified
households. Two households were lost to follow-up due to family issues. The average
weather temperature was 14.4 ◦C (min: 12 ◦C, max: 16 ◦C) at baseline and 14.8 ◦C (min:
10 ◦C, max: 18 ◦C) at follow-up.

Median (interquartile range, IQR) values of household PM2.5 levels between measure-
ments were 27.4 (30) µg/m3 at baseline and 27.5 (40) µg/m3 at follow-up. This difference
was not statistically significant (p = 0.607). However, these values are above the safe air
quality cut-off points (25 µg/m3 for 24 h mean) indicated by the WHO [5].

At baseline, the overall median (IQR) value of CO levels was 0.02 (1) parts per million
(ppm), while the median of maximal values was 12.3 (32) ppm. At follow-up, the overall
median of CO values was 0.01 (0.4) ppm and the median of maximal CO values was
4.3 (12) ppm. The difference between the overall levels was not statistically significant
(p = 0.414), in contrast to the difference between the maximal CO values (p = 0.007). Still,
these CO levels are below the WHO air quality guidelines (26.6 ppm for 1 h and 6.1 ppm
for 24 h mean) [5].

3.2. Heating Activity, Fuel Use and Other Respiratory Exposures

Table 1 presents data on household characteristics, heating activity and air pollution
sources between the two assessments. Household questionnaires were collected from all
32 houses at baseline and from 30 houses at follow-up. Dwelling condition was considered
good by most households (n = 15 or 48.4%), although most were traditional residencies
constructed before 1940 (n = 21 or 34.4%). The vast majority of households owned local
heating devices (n = 29 or 90.6%), most of which were stand-alone wood-burning stoves
(n = 17 or 53.1%) and fireplaces (n = 13 or 40.6%).

Table 1. Household conditions, heating activity and air pollution sources at baseline and follow-up
in rural Crete, Greece.

Outcomes, N (%) Baseline
(N = 32)

Follow-Up
(N = 30)

Housing characteristics
Condition of dwelling

excellent 5 (16.1)
good 15 (48.4)

average 9 (29)
poor 1 (3.2)

very poor 1 (3.2)
Year of construction

after 1991 3 (9.4)
1969–1990 8 (25.0)
1940–1968 6 (18.8)

before 1939 5 (15.6)
I don’t know 10 (31.3)

Space heating activity
Number of months requiring heating, mean (SD) 5.2 (0.9)

What do you have to heat the rooms?
purpose-built heater 32 (100)

central heating 14 (43.8)
petroleum radiators 9 (28.1)
olive cores radiators 2 (6.3)

unspecified 3 (9.4)
local heating 29 (90.6)
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Table 1. Cont.

Outcomes, N (%) Baseline
(N = 32)

Follow-Up
(N = 30)

stand-alone stoves 17 (53.1)
fireplace 13 (40.6)

portable electric heater 5 (15.6)
air conditioner 2 (6.3)

What do you use to heat the rooms?
purpose-built heater 31 (96.9) 28 (93.3)

central heating 9 (28.1) 1 (3.3)
petroleum radiators 4 (12.5) 0 (0)
olive cores radiators 2 (6.3) 0 (0)

unspecified 3 (9.4) 1 (3.3)
local heating 28 (87.5) 27 (90.0)

stand-alone stoves 16 (50.0) 15 (50.0)
fireplace 13 (40.6) 12 (40.0)

portable electric heater 4 (12.5) 0 (0)
air conditioner 0 (0) 0 (0)

Reason of difference between what you have and
what you use? (N = 9)

financial reasons 9 (100)
Type of fuel for heating

wood 32 (100) 29 (96.7)
petroleum 8 (25.0) 1 (3.3)
olive cores 3 (9.4) 1 (3.3)
electricity 9 (28.1) 0 (0)

Other exposures
Indoor tobacco smoking (yes) 10 (31.3) 6 (20.0)

Type of tobacco product
manufactured cigarettes 10 (31.3) 5 (16.7)

rolled cigarettes 0 (0) 1 (3.3)

Non-biomass heaters including petroleum radiators, portable electric devices and
air-conditioners were owned by 9 (28.1%), 5 (15.6%) and 2 (6.3%) houses, respectively.
When asked what devices are actually used for heating at baseline, most households
still reported using stand-alone stoves (n = 16 or 50%) and fireplaces (n = 13 or 40.6%).
Petroleum radiators and electric heaters were only used in 4 (12.5%) households, while none
were using the air-conditioner. Among nine households reporting reasons for differences
between devices owned versus those used, all were attributed to financial restrictions. At
follow-up, trends regarding the use of stand-alone stoves and fireplaces were similar to
baseline.

At baseline, all households were using wood as a biomass fuel and, to a lesser extent,
olive cores (n = 3 or 9.4%). Petroleum was used by 8 (25%) households and electricity
by 9 (28.1%). Wood remained the main fuel used at follow-up (n = 29 or 96.7%), while
non-biomass fuels were reported less frequently (petroleum: n = 1 or 3.3%, electricity:
n = 0). Smoking tobacco indoors was reported by 10 (31.3%) households at baseline and
6 (20%) at follow-up. There were no statistically significant differences in PM2.5 and CO
levels between households that reported indoor tobacco smoking versus those that did not,
either at baseline or follow-up (Supplementary Table S1).

3.3. Clinical Respiratory Outcomes

Table 2 presents residents’ symptoms and health-related outcomes, in combination
with the exposure data described previously. There were 43 adult questionnaires completed
at baseline and 42 at follow-up. In total, 33 individuals had paired data for both assessments
and are included in the present analysis. Their mean age was 66.8 years (SD = 14.9), while
24 participants (72.7%) were women.



Atmosphere 2021, 12, 1369 7 of 13

Table 2. Respiratory health-related outcomes in combination with exposure data of residents with
paired data in rural households using biomass fuels in Crete, Greece (N = 33).

Outcomes N (%) Baseline Follow-Up p-Value *

Socio-demographics
Age (years), mean (SD) 66.8 (14.9) - -

Gender (women) 24 (72.7) - -
General symptoms

Cough (yes) 8 (24.2) 4 (12.1) 0.34
Phlegm (yes) 9 (27.3) 5 (15.2) 0.22

Wheezing (yes) 1 (3) 1 (3) 1
Breathlessness (yes) 4 (12.1) 4 (12.1) 1

MRC dyspnea scale, median (IQR) 2.0 (3) 2.0 (1) 0.07
CCQ total score, median (IQR) 0.2 (5) 0.2 (10) 0.82

Symptoms during heating
Cough 5 (15.2) 3 (9.1) 0.69
Phlegm 0 (0) 0 (0) N/A

Wheezing 1 (3) 0 (0) 1
Breathlessness 3 (9.1) 2 (6.1) 1

Headache 12 (36.4) 6 (18.2) 0.70
Irritated eyes 6 (18.2) 6(18.2) 1

Nasal congestion 3 (9.1) 1 (3) 0.63
Running nose 2 (6.1) 1 (3) 1
Irritated throat 3 (9.1) 1 (3) 0.5
Chest tightness 2 (6.1) 1 (3) 1

Nausea 6 (18.2) 0 (0.0) 0.03
Fatigue 14 (42.4) 5 (15.2) 0.004

Dizziness 9 (27.3) 1 (3) 0.02
Irritability 8 (24.2) 0 (0) 0.008
Exposures

PM2.5 (µg/m3), median (IQR) 27.4 (30) 27.5 (40) 0.607
CO (ppm), median (IQR) 0.02 (1) 0.01 (0.4) 0.414

CO max (ppm), median (IQR) 12.3 (32) 4.3 (12) 0.007
Lung health
Asthma (yes) 0 (0)
COPD (yes) 2 (6.1)

Tuberculosis (yes) 1 (3.0)
Pneumonia (yes) 5 (15.2)
Lung cancer (yes) 0 (0)

Comorbidities
Diabetes (yes) 9 (27.3)

Heart disease (yes) 12 (36.4)
Stroke (yes) 4 (12.1)

Eye disease/cataract (yes) 11 (33.3)
Awareness

Did you know that biomass burning
may harm your health? (yes) 16 (48.5)

Source of information
Healthcare professional 2 (12.5)

Physician 2 (12.5)
Media (radio, newspaper, TV) 12 (75.0)

Family 2 (12.5)
Villagers 0 (0)

Own experience 1 (6.3)
Did you know that biomass burning

may harm your children’s health?
(yes)

17 (51.5)

* McNemar’s test for categorical variables and Wilcoxon Signed Ranks test for continuous variables. Abbrevia-
tions: SD: Standard Deviation, IQR: Interquartile range, MRC: Medical Research Council, CCQ: Clinical COPD
Questionnaire, CI: Confidence Interval, PM2.5: Particulate matter smaller than 2.5 µg, CO: Carbon monoxide,
ppm: Parts per million.
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The most frequently reported general respiratory symptom at both time points was
phlegm (n = 9 or 27.3% vs. n = 5 or 15.2%), followed by cough (n = 8 or 24.2% vs. n = 4
or 12.1%). Differences in all general respiratory symptoms including cough, phlegm,
wheezing and breathlessness were not significant between assessments.

At baseline, fatigue was the most common symptom experienced specifically when
the heater was on (n = 12 or 42.4%), followed by headache (n = 12 or 36.4%). At follow-up,
the respective symptoms were headache and irritated eyes (n = 6 or 18.2% for both). Among
symptoms experienced specifically when the heater was on, nausea, fatigue, dizziness
and irritability were reported at significantly higher rates during baseline compared to
follow-up (n = 6 or 18.2% vs. n = 0, p = 0.03; n = 14 or 42.4% vs. n = 5 or 15.2%, p = 0.004;
n = 9 or 27.3% vs. n = 1 or 3%, p = 0.02 and n = 8 or 24.2% vs. n = 0; p = 0.008, respectively).
The occurrence and frequencies of symptoms reported specifically when the heater was
on are in line with the CO exposure data and contrary to PM2.5 concentrations. However,
differences between baseline and follow-up levels are not statistically significant.

No participant reported having asthma. COPD was reported by 2 (6.1%) participants,
while 5 (15.2%) reported having experienced pneumonia. Heart disease was the most
common comorbidity (n = 12 or 36.4%), followed by eye disease (n = 11 or 33.3%). There
were no meaningful statistically significant differences in the most common symptoms
between people with any comorbidities versus without, either at baseline or follow-up
(Supplementary Table S2).

Less than half of participants (n = 16 or 48.5%) knew that indoor biomass burning for
heating could harm their health, of which the majority (n = 12 or 75%) had heard so from
media, followed by a healthcare professional/physician (n = 4 or 25%).

4. Discussion
4.1. Summary of Findings and Comparison with the Literature

To the best of our knowledge, this study is among the first to provide insights about
the levels of HAP and relevant health-related practices and outcomes during a period of
economic recession in Greece. Our results revealed levels of household PM2.5 exceeding
the WHO air quality guidelines. These values are lower than those reported in a similar
FRESH AIR study conducted in global low-resource settings [27], and further investigation
is warranted to determine whether this can suggest a public health issue in rural Crete. Still,
although direct comparisons cannot be performed, a recent study including outdoor data
from the second largest Greek city showed that biomass burning during winter comprised
the second largest PM2.5 source, indicating an important health-related issue deserving
prompt attention [28]. Additionally, another study assessing personal PM exposure through
an indoor–outdoor experiment in Athens showed that, in general, 24 hours averaged PM2.5
concentrations frequently exceeded the limits set by the European Union [29].

Interestingly, although clean fuel devices were owned by a considerable proportion of
households in our study, they were used at substantially lower rates, with disparities being
attributed to financial limitations. This is in accordance with previous evidence highlighting
the negative impact of the economic crisis on heating practices in Greece [16]. In another
study exploring indoor environmental conditions in low-income, urban households during
the Greek recession, temperatures in participating houses were found to be much lower
than the appropriate thresholds for comfort and health, suggesting that the significant
barriers to buying energy had placed the population under serious environmental and
health-related risks [30].

Cough and phlegm were the most frequent general symptoms, reported by approxi-
mately one fourth of participants in both baseline and follow-up measurements. This is in
line with the most frequent symptoms recorded in a similar study conducted by members
of our group in low-resource settings [27]. In terms of symptoms experienced specifically
during heating, we observed an unexpected decline in the frequency of nausea, fatigue,
dizziness and irritability at follow-up. This finding could be partially explained by the
weather conditions, which were unexpectedly similar and relatively good between the
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two measurements—a fact that may have hindered the true effect of heating practices on
respiratory symptoms. Still, this result requires cautious interpretation under the study
limitations.

Last but not least, we report on what seems to be an awareness gap for our study
population. Namely, less than half of our participants knew that burning biomass inside the
household may be harmful for their or their children’s health (48.5% and 51.5% respectively).
For those who knew, the media (including radio, newspaper, TV) was the main source of
information (75%). This result agrees with previously published literature in low resource
settings, where awareness on the respective issue was found at similarly low levels [31].

4.2. Strengths and Limitations

The study is prone to certain limitations. Firstly, its descriptive design and small
sample does not allow for adequate statistical inference. Moreover, it should not be
neglected that the particularities of the local setting and population may differentiate them
from Western or other low-resource settings, raising issues of generalizability. Additionally,
all provided information was self-reported while different investigators performed the
baseline and follow-up evaluations, facts that may have had an impact on the results. The
purposive recruitment of households by the facilitating GPs may further introduce bias
in terms of selection practices. However, due to the nature of their practice (that also
includes household consultations apart from office practice), GPs were able to identify a
quite diverse sample in terms of household income and residents’ economic and health
vulnerability. Still, we did not collect data on residents’ educational level, a factor that may
influence knowledge regarding smoke and HAP.

Other challenges faced during implementation were related to the function of mea-
suring devices, including recording duration due to fast battery discharge and device
calibration. Although these were tackled immediately during field work, there is a chance
that they may have affected the measurements’ quality.

Furthermore, the presence of a control group of households that do not use biomass
fuels would have allowed for more comprehensive comparisons of HAP. However, our
primary intention was to reflect on outcomes between periods of diverse biomass use inten-
sity, rather than between “exposed” versus “non-exposed” households. It should, however,
not be neglected that the ingress of outdoor pollutants indoors may have influenced our
observed measurements, while the lack of data on ventilation may also impact the inter-
pretation of findings. The limited availability of data before the economic crisis does not
further allow for the comprehensive interpretation of the observed health outcomes with
respect to the noted levels of HAP.

Finally, although we intended to reflect on outcomes between periods of lesser versus
extensive heating, weather conditions encountered during the two data collection periods
were unusually similar, a fact that may have hampered the identification of meaningful
differences.

Still, despite the resource restrictions and the complex nature of data collection, this
study is among the first to attempt the measurement of HAP attributed to indoor biomass-
burning, offering valuable lessons regarding measuring practices and implementation
design within the local context.

4.3. Study Implications and Suggestions for Future Actions

During the last decade, the economic recession of Greece has meant changes in health-
related practices, including the switch to biomass burning for domestic heating. The
impact of the subsequent indoor air pollution on respiratory health has been studied
in several settings (including Greece) and the particular susceptibility of both young
children and older adults has been recognised [32,33]. Our study adds to the literature by
demonstrating indications that HAP (PM2.5) levels exceed the internationally established
standards. Although further research is necessary to overcome our study’s limitations and
confirm our findings, several implications are raised for both healthcare and policy actions.
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As in the case of Greece, HAP is generally linked to poverty. The inability of house-
holds to cover their heating needs—described as “fuel poverty”—constitutes a growing
problem in Europe. Energy and fuel poverty for low-income households is a complex issue,
which has a strong societal and economic aspect. It, thus, demands a multidisciplinary ap-
proach for which the strong collaboration and engagement of diverse stakeholders at both
the governmental and the international partnerships’ level is necessary [8,34]. Understand-
ing local cultural and socio-economic backgrounds and enabling the active involvement of
local communities in decision making is, also, crucial for the successful implementation of
any intervention aiming to reduce HAP and improve health [35].

Such interventions have been implemented in several countries and their positive
effects have been well-documented [36–38]. In a FRESH AIR study with similar aims
and methods, a community-oriented intervention of implementing clean cooking/heating
stoves was associated with lower exposures and improved short-term health benefits. Local
adaptation of the intervention and vigorous inclusion of the community in the selection
and installation of clean alternatives was, indeed, central to the success of implementa-
tion [27]. In the long-term, experience can also be drawn from other European countries
that have developed concrete policies for tackling low-income household problems, includ-
ing the provision of incentives to improve housing stock, replace heating systems and raise
households’ energy awareness [39].

The European Fuel Poverty and Energy Efficiency Project [37] has also identified key
interventions for fighting energy poverty including the reduction of energy prices and the
improvement of energy efficiency of buildings with vulnerable households, the education of
households in rational use of energy and the improvement of low incomes. Other proposed
actions suggest the implementation of the WHO indoor air quality guidelines on household
fuel combustion, the formation of country alliances for the dissemination of improved
devices and the investment in renewable energy [40]. Specifically for Greece, discussed
strategies include the distribution of natural gas, the development of catalytic domestic
wood stoves and the upgrade of buildings’ energy efficiency [16,29,41]. Although national
action plans integrating the above measures are necessary [42], a European response setting
common criteria for energy poverty should be examined for the development of sustainable
actions [40].

Last but not least, raising public and professional awareness on HAP is an area
deserving special attention when considering interventions for preventing respiratory
disease, which, in fact, constitutes the most affordable and effective way to reduce the
burden [1]. In a FRESH AIR study conducted in global low-resource settings, the researcher
and local stakeholders co-created a train-the-trainer awareness programme empowering
communities to take action against biomass and tobacco smoke. They showed significant
increases in lung health awareness and the damaging effects of HAP, while the high
compatibility of the programme with local contexts was key to its acceptability and eventual
success [43].

To close, in our study, general practitioners were central for the information about
people, their recruitment and their engagement in the project. For the community to commit
to positive action, long-term support from primary care is critical. Primary care is also
essential for the effective and equitable combat of respiratory and other non-communicable
diseases [31], including cardiovascular disease, for which HAP seems to be holding an
emerging role [44]. Trained primary care providers can hold a key role in awareness raising,
community motivation and behaviour change with regards to HAP and health [31]. Taking
into consideration the Primary Healthcare Reform and the changes in the curriculum of
General Practice unfolding in Greece in the last few years [45], this study may serve as
a starting-point for exploring organizational issues to strengthen the health system and
support local communities in agreement with the agenda of the Sustainable Development
Goals [46].
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5. Conclusions

The study described the levels of indoor air pollution and residents’ respiratory health
characteristics in rural households during the Greek economic crisis. Further research is
necessary to overcome our limitations and validate our findings. However, this study could
provide baseline information for expanding exposure reduction strategies and enhancing
the prevention of both respiratory and other relevant non-communicable diseases.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/atmos12111369/s1, Table S1: Differences in environmental outcomes between smoking and
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Greece.
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