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Abstract: Children have been identified as being particularly vulnerable to energy poverty (EP), but
little empirical research has addressed the effect of EP on children’s health and wellbeing, especially in
southern Europe. In this work we aimed to provide an in-depth description of the distribution of EP
by sociodemographic, socioeconomic and housing characteristics, as well as to analyse the association
between EP and health and wellbeing in children in Barcelona. We performed a cross-sectional study
using data from the Barcelona Health Survey for 2016 (n = 481 children under 15 years). We analysed
the association between EP and health outcomes through prevalence differences and prevalence
ratios (PR) and their 95% confidence interval (CI), using Poisson regression models with robust
variance. In Barcelona, 10.6% of children were living in EP and large inequalities were found by
sociodemographic, socioeconomic and housing characteristics. EP was strongly associated with poor
health in children (PR (95% CI): 7.70 (2.86, 20.72)). Living in EP was also associated with poor mental
health (PR (95% CI): 2.46 (1.21, 4.99)) and with more cases of asthma (PR (95% CI): 4.19 (1.47, 11.90))
and overweight (PR (95% CI): 1.50 (1.05, 2.15)) in children. It is urgent to develop specific measures
to avoid such serious and unfair health effects on children.

Keywords: energy poverty; fuel poverty; health; health inequalities; social determinants of health;
children; southern Europe; urban

1. Introduction

Housing is a key social determinant of health [1]. Children are especially vulnerable
to the effects of inadequate housing, because they spend more time at home and because a
safe and adequate home is essential for their favourable development and physical and
emotional wellbeing [2]. Adequate housing is not just four walls. It involves, among many
other factors, basic supplies to carry out reproductive and caregiving activities, such as
cooking or cleaning, and to achieve thermal comfort and the use of appliances and other
electronic devices enabling effective participation in society [3]. If a household cannot
secure a materially and socially required level of energy services, there is a situation of
energy poverty (EP) [4].

EP is a major public health problem in the European Union (EU), affecting 9% of the
population in 2016 [5]. EP is gaining increasing academic and policy attention in southern
European countries because its rates are above the EU average (32.6% in Greece, 24.8%
in Portugal or 13.4% in Spain in 2016) [5] and because of the emerging need for space
cooling to adapt to climate change and increasingly high temperatures [6]. In Barcelona,
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for example, 12.4% of the population cannot afford to maintain their dwellings at an
adequate temperature during the cold and/or warm months. This average value, however,
hides much higher percentages in specific social groups, such as women born in low- and
middle-income countries, where the percentage of EP is as high as 24% [7]. Like other
social determinants of health, EP follows the classic lines of social stratification and is rarely
an isolated problem. It tends to coexist with financial difficulties, unemployment and other
material hardship [8,9]. Therefore, specific sociodemographic, socioeconomic and housing
characteristics may be related to a disproportionate burden of EP [10]. For example, higher
EP rates have been found in single-parent families, families living in market-price rented
accommodation and those with food or housing insecurity [8,10–12].

Several studies have shown that EP negatively affects people’s health and wellbe-
ing [5,13–17]. Although children have been identified as a particularly vulnerable popula-
tion group, little empirical research has addressed how, specifically, they are affected by
EP, especially in southern Europe. According to the scarce existing literature, the main
negative effects of EP on infants and young children concern physical health. In this age
range, some studies suggest that EP is associated with a higher risk of health problems,
mainly respiratory problems, greater health services use and worse disease course, with
more recurrences [18–20]. Children living in EP are also at higher risk of under-nutrition
or being overweight due to poor nutrition resulting from austerity in expenditure control,
purchase of obesogenic products that are usually cheaper or, in more extreme cases, the
inability to cook or preserve food [21,22]. Moreover, irregular connection of supplies or the
use of alternative heating sources may increase the risk of domestic accidents such as burns
or carbon monoxide inhalation [23,24]. EP and its effects on physical health can in turn
affect children’s wellbeing and school performance [2,25]. In contrast, among adolescents,
EP appears to primarily affect mental health. Difficulties in finding the needed privacy and
personal space at home, feeling unhappy with their families and poorly cared for, being
afraid of bullying and spending more time in public spaces such as parks or shopping
precincts are some of the described effects of EP that can affect the mental health of adoles-
cents and can also increase risk behaviours (e.g., early alcohol and tobacco abuse) [13,15,26].
Recently, a study in China showed that EP had a negative impact on subjective well-being
in adolescents aged 10–15 years and suggested that academic performance might be one
of the most important mediating mechanisms [27]. Finally, families’ difficulties in paying
their utility bills and the accumulation of debt can also affect the mental health of children
and adolescents through the influence of economic stress on parental mental health [28],
couple interaction and parenting [29].

This study was motivated by the lack of empirical data on how EP affects families
differently and its effects on the health and wellbeing of children in southern Europe.
Therefore, the aim of this study was to provide an in-depth description of the distribution of
EP by sociodemographic, socioeconomic and housing characteristics, as well as to analyse
the association between EP and health and wellbeing in children in Barcelona in 2016.

2. Materials and Methods
2.1. Design, Information Source and Study Population

We performed a cross-sectional study using data from the Barcelona Health Survey for
2016. This survey covers a representative sample of the non-institutionalised population
in the city and includes a specific questionnaire for people under the age of 15 years.
This under-15 s population includes infants through adolescents, and will henceforth
be referred to as children. This study includes all the children who participated in the
survey, which represents a sample size of 481 children, sufficient to obtain representative
population estimates of percentages with a precision of +/− 4.5% [30]. The questionnaire
was completed by the child’s usual caregiver.
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2.2. Study Variables
2.2.1. Health and Wellbeing

To assess general health, we used caregiver-reported child health and we dichotomised
it into two categories: good health (excellent, very good or good) and poor health (fair or
poor) [31]. Mental health was measured using the Strengths and Difficulties Questionnaire
(SDQ) for ages 4–17 years. We analysed the total difficulties score, as well as the individual
scales of conduct problems, hyperactivity, emotional problems and peer problems. We
dichotomised the five scales using the borderline cut-points [32]. We also studied health-
related quality of life (HRQoL) for ages 6–14 years through the Kidscreen-10. This is a
10-item questionnaire that provides a Rashed-scaled single score where higher scores indi-
cate better HRQoL [33,34]. Finally, we also analysed two health outcomes that, according
to the literature, can be significantly affected by EP, namely asthma and overweight [19,35].
Asthma was assessed through a chronic morbidity checklist, where the caregivers were
asked, among others things, if the children suffered from asthma. Overweight was cal-
culated from the height and weight provided by the cargiver. Overweight was defined
as a BMI-for-age greater than 1 standard deviation above the WHO Growth Reference
median [36,37].

2.2.2. Energy Poverty

The main EP variable used in this study was constructed from the following two
questions: Can the household afford to keep the home at an adequate temperature during
the cold months? Can the household afford to keep the home at an adequate temperature
during the warm months? EP was considered when the caregiver reported that the
household could not afford to keep the home at an adequate temperature during the cold
and/or warm months. However, to assess the overlap between different dimensions of EP,
the socioeconomic and household conditions variables (described below) also included
other primary and secondary EP indicators [38].

2.2.3. Sociodemographics

We included sex, age, the parents’ country of birth and household composition and we
categorize the variables as defined hereafter. The parents’ country of birth was classified
into high-income (HI) and low- and middle-income (LMI) countries according to the 2018
World Bank classification [39]. We then classified children into three groups: both parents
from HI countries; one from HI and the other from LMI countries; and both from LMI
countries. Households were categorised into four groups, single-parent, extended single-
parent when the parent and children lived with more people, two-parent and extended
two-parent households.

2.2.4. Socioeconomics

We included social class, the ability of the household to afford an unforeseen expendi-
ture of €750 with their own resources (based on one of the primary indicators to measure
material deprivation used by the European Commission (European Statistics on Income
and Living Conditions [40,41]), arrears on utility bills in the last 12 months (primary EP
indicator), food insecurity and housing tenure. We categorize the variables as defined
hereafter. Children were assigned the most privileged social class among the parents, based
on their current or last occupation. Social class was dichotomised into non-manual and
manual class [42]. To measure food insecurity, we used an adaptation of the 6-item US
Household Food Security Survey Module, which has been validated for the Hispanic pop-
ulation [43]. Housing tenure was categorised into five categories: paid property, property
paying mortgage, rent at market price, social renting and other (re-renting of part of the
dwelling, squatting and cession by family members, social services or non-governmental
organisations).
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2.2.5. Housing Conditions Related to EP

We included three dichotomous variables, which are also secondary EP indicators:
dwelling with a leaking roof, damp walls, floors or foundations, or rot in window frames
or floors; dwelling without means of heating or with central heating or room-heating
appliances, but not used when necessary; and dwelling without an air conditioner or with
an air conditioner, but not used when necessary.

For more information on the variables used, as well as to check the specific questions,
please consult the Barcelona Health Survey manual, which also includes the complete
questionnaire [30].

2.3. Data Analysis

First, we categorized the different sociodemographic, socioeconomic and housing
conditions variables as detailed in the previous section and we described the sample accord-
ing to theses variables. Then, we calculated the percentage of EP and its 95% confidence
interval (CI) for the total population, as well as by sociodemographic, socioeconomic and
housing condition variables and we used the Pearson chi-square test with the second-order
Rao-Scott correction to assess differences in EP percentage within categories of each vari-
able [44]. Subsequently, we obtained the prevalence of health indicators among children
with and without EP. Finally, we used Poisson regression models with robust variance
to assess absolute and relative differences of the prevalence of health indicators among
children with and without EP [45]. To do this, we calculated prevalence differences (PD)
and prevalence ratios (PR) and their 95%CI, respectively. In the case of the Kidscreen, the
only continuous health outcome, we calculated means and their 95%CI for both groups
and their association with EP was studied using linear models. EP often occurs in a wider
context of material hardship and disadvantaged economic situation, which can also affect
health and wellbeing during childhood. For this reason, we calculated raw PD and PR and
also adjusted by social class, as a proxy of the family’s socioeconomic position. Adjusted
PD were calculated with the adjusted prevalence obtained from the same Poisson regres-
sion model through the marginal standardisation method [46]. In all the analyses we took
into consideration the complex sample design. We used the R software (version 3.6.3, R
Foundation for Statistical Computing, Viena, Austria).

3. Results
3.1. EP by Sociodemographic and Socioeconomic Characteristics and Housing Conditions

Table 1 describes the sociodemographic and socioeconomic characteristics and housing
conditions of the sample, as well as the percentage of EP according to these characteristics
and conditions. In Barcelona, 10.6% of children lived in EP. The most affected age group
was 4–11 year-olds, in which the percentage of children living in EP was 13%. There was a
clear gradient in the percentage of children living in EP according to the parents’ country
of birth, being 6.6% in children with both parents born in HI countries, 18.2% in those
with one parent born in an HI country and another in an LMI country and 20.7% in those
with both parents born in a LMI country. Point estimates also suggested a gradient in the
percentage of EP in relation to household composition. Single-parent families were worst
affected, and especially if they were extended single-parent families.
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Table 1. Description of the sample and percentages of energy poverty by sociodemographic and socioeconomic characteris-
tics and housing conditions. Barcelona 2016.

Total Energy Poverty *

n % Cases % 95%CI p-Value †

Total 481 100 48 10.6 (7.7, 13.4)
Sociodemographic characteristics
Sex
Girl 240 48.7 21 9.2 (5.4, 12.9) 0.367
Boy 241 51.3 27 11.9 (7.5, 16.2)
Age (years)
0–3 89 17.9 5 6.3 (1.1, 11.4) 0.091
4–11 284 61.7 35 13.0 (8.8, 17.1)
12–14 108 20.3 8 7.0 (2.3, 11.8)
Parents country of birth
Both HI 339 70.6 21 6.6 (3.7, 9.6) <0.001
One HI, one LMI 38 7.6 6 18.2 (5.0, 31.4)
Both LMI 103 21.7 21 20.7 (12.7, 28.7)
Household composition
Single-parent 43 8.6 5 11.4 (1.8, 20.9) 0.553
Extended single-parent 39 7.9 6 16.4 (4.3, 28.5)
Two-parents 350 72.8 31 9.4 (6.2, 12.7)
Extended two-parents 49 10.7 6 13.2 (3.1, 23.3)
Socioeconomic characteristics
Social class
Non-manual laborer 341 71.2 13 4.5 (1.9, 7.1) <0.001
Manual laborer 134 28.8 34 25.2 (17.7, 32.7)
Can afford unforeseen expenditure of 750€

Yes 336 70.7 6 2.3 (0.3, 4.4) <0.001
No 137 29.3 42 30.8 (22.9, 38.6)
Arrears on utility bills in the last 12 months **
No 337 82.7 23 7.3 (4.2, 10.3) <0.001
Yes 70 17.3 22 32.7 (21.5, 43.9)
Food insecurity
No 432 89.9 22 5.7 (3.3, 8.2) <0.001
Yes 49 10.1 26 53.4 (39.1, 67.6)
Tenure status
Paid property 100 20.7 1 1.0 (−1.0, 3.0) <0.001
Property paying mortgage 169 36.2 12 6.9 (3.0, 10.7)
Rent at market price 184 39.1 30 17.6 (11.7, 23.5)
Social renting 5 1.1 0 0.0 (0.0, 0.0)
Other 13 2.9 5 40.7 (14.0, 67.5)
Housing conditions
Leaks, dampness in walls, floors, ceilings or foundations, or rot in floors, window frames or doors
No 432 89.7 37 9.1 (6.2, 11.9) 0.003
Yes 49 10.3 11 23.5 (11.3, 35.7)
No means of heating or central heating or room-heating appliances, but not used when necessary
No 444 92.5 35 8.3 (5.6, 11.0) <0.001
Yes 35 7.5 13 38.5 (22.1, 54.9)
No air conditioner or air conditioner, but not used when necessary
No 251 52.2 2 0.9 (−0.4, 2.1) <0.001
Yes 228 47.8 46 21.2 (15.6, 26.7)

* Three missing values; ** 74 missing values; n = sample size; cases: number of children with EP; 95%CI: 95% confidence interval;
HI: high-income; LMI: low- and middle-income; †: Pearson chi-square test with the second-order Rao-Scott correction, differences are
considered statistically significant if p-value is less than 0.05 (marked in bold).

The most significant differences in the percentage of EP were related to the socioe-
conomic situation. For example, the percentage of EP in households unable to afford an
unforeseen expenditure of €750 with their own resources was 30.8%, compared with 2.3% in
those that could. The percentage of EP in families with food insecurity was 53.4%. We also
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found differences according to tenure, where the EP percentage was 1% in paid-ownership
households and 17.6% in market-rate renting households. Finally, there was a strong
overlap between different dimensions of EP: 32.7% of households with arrears on utility
bills in the last 12 months also lived in dwellings with inadequate temperatures.

3.2. EP and Children’s Health and Wellbeing

Table 2 shows the prevalence of health and wellbeing outcomes among children
with and without EP, as well as the respective absolute (PD) and relative (PR) differences.
Children living in EP had 7.70 (95%CI: 2.86, 20.72) times more poor health than those
without EP and the respective PD was 12.2%. EP was also associated with poor mental
health (PD: 11.6% and PR [95%CI]: 2.46 [1.21, 4.99]) and the most affected dimensions
were peer (PD: 8.9% and PR [95%CI]: 2.48 [1.09, 5.63]) and emotional (PD: 8% and PR
[95%CI]: 1.70 [0.86, 3.34]) problems. Children living in EP also had lower HRQoL, with an
average of 2.57 points less in the Kidscreen. The prevalence of asthma (10.3% vs. 2.5%) and
overweight (44.4% vs. 29.6%) was also higher in children living in EP, specifically, it was
4.19 (95%CI: 1.47, 11.90) and 1.50 (95%CI: 1.05, 2.15) times more frequent than in children
without EP, respectively. After adjustment of the models by social class, the association
between EP and poor health was consistent and, for the rest of the outcomes examined,
children living in EP were still more likely to have poorer results, although the differences
were not statistically significant (at the 5% level).

Table 2. Health measures prevalence among children with and without energy poverty and crude and adjusted absolute
(prevalence difference—PD) and relative (prevalence ratio—PR) differences. Barcelona 2016.

Energy Poverty (n = 48) No Energy Poverty (n = 430)
PD PR (95%CI) aPD aPR (95%CI)

Cases % (95%CI) Cases % (95%CI)

Poor health 7 14.0 (4.1, 23.9) 8 1.8 (0.6, 3.1) 12.2 7.70 (2.86, 20.72) 10.3 6.51 (2.45, 17.29)
Mental health: SDQ
for age 4 to 14
Poor mental health
(Total difficulties score) 9 19.6 (7.7, 31.4) 28 8.0 (5.1, 10.8) 11.6 2.46 (1.21, 4.99) 6.5 1.78 (0.91, 3.51)

Conduct problems 9 19.7 (7.8, 31.6) 49 14.2 (10.5, 17.9) 5.5 1.39 (0.72, 2.69) 1.1 1.08 (0.56, 2.08)
Hyperactivity 7 16.6 (5.1, 28.0) 42 12.2 (8.7, 15.7) 4.4 1.36 (0.64, 2.88) 1.2 1.09 (0.53, 2.26)
Emotional problems 9 19.6 (7.8, 31.4) 40 11.5 (8.1, 15.0) 8.0 1.70 (0.86, 3.34) 3.6 1.30 (0.68, 2.51)
Peer problems 7 14.9 (4.4, 25.3) 21 6.0 (3.5, 8.5) 8.9 2.48 (1.09, 5.63) 5.6 1.89 (0.81, 4.40)
Health-related quality
of life: Kidscreen for
age 6 to 14 *

59.7 (54.5, 64.9) 62.3 (60.8, 63.7) −2.57 (−8.03, 2.89) −2.61 (−8.94, 3.72)

Asthma 5 10.3 (1.5, 19.2) 11 2.5 (1.0, 3.9) 7.9 4.19 (1.47, 11.90) 4.8 2.84 (0.91, 8.80)
Overweight 22 44.4 (29.9, 59.0) 127 29.6 (25.3, 34.0) 14.8 1.50 (1.05, 2.15) 6.4 1.21 (0.84, 1.74)

SDQ: Strengths and Difficulties Questionnaire; n = sample size; cases: number of children with the health outcome; 95%CI: 95% confidence
interval; PD: crude Prevalence Difference; PR: crude Prevalence Ratio; aPD: social class-adjusted Prevalence Difference; aPR: social class-adjuste
Prevalence Ratio; * Kidscreen is the only continuous variable and therefore the values shown are means and their 95%CI among children with
and without EP and mean differences and their 95%CI calculated through linear models; in bold statistically significant PR.

4. Discussion
4.1. Main Findings

This study shows a high percentage of EP in families with children in the city of
Barcelona, as well as inequalities by sociodemographic and socioeconomic characteristics
and housing conditions. We found a strong association between EP and poor health in
children. The findings also suggest that EP is associated with poorer mental health, lower
HRQoL and with more cases of asthma and overweight in children.

4.2. Interpretation of Results

In this study, 10.6% of children in Barcelona were living in EP. A value well above the
EU average according to the most up-to-date data from the EU Energy Poverty Observatory,
which indicate that in 2018, 7.3% of the EU population was not able to keep their home
adequately warm. This result is consistent with the percentages found in a previous study
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in adults, reporting that 13.3% of women and 11.3% of men in the city of Barcelona lived in
EP [7]. Robustly, both studies show how the axes of inequality that place our society in a
hierarchy lead to greater exposure to EP in more vulnerable groups such as people born in
LMI countries, those from more disadvantaged social classes and women. In this study, we
found no differences between sexes. This may be because women are more affected by EP
in adulthood due to gender roles that make them more responsible for reproductive and
caregiving activities [47] and to the lesser economic, political and social power that women
have in patriarchal societies, which hinders their access to commoditized goods such as
energy. These aspects do not yet manifest at such early ages. However, gender differences
can be observed related to household composition. As in other studies [18,24], in our study
the prevalence of EP was higher in single-parent households, which are generally headed
by women (in 85.4% of those in the study population).

We found slightly lower percentages of EP in households with children aged 0–3 years.
This may be because infants and toddlers are more vulnerable to extreme variations in
ambient temperatures due to their immature physiologic capacity for thermoregulation [21]
and parents may choose strategies to cope with EP other than self-rationing of energy
consumption. Not being able to keep the house at an adequate temperature is only one
of the many expressions of EP. Families who decide to go into debt or reduce other basic
needs to pay for energy services and those who are forced to connect irregularly to the
distribution network also suffer from EP [11]. These situations often coexist in the same
household, as found in this study where families with arrears on utility bills also had
greater difficulty in keeping their homes at an adequate temperature. This can place a
double burden on health, due to the specific direct effects of each dimension of EP.

Because the current energy model turns basic supplies into a commodity accessible
only to those able to pay for them, EP usually occurs in disadvantaged socioeconomic
contexts. For this reason and as also shown in this study, EP generally coexists with other
economic and material hardship, such as job, food or housing insecurity [8,10,21,22,48].
This interaction of difficulties increasingly results in deteriorating health and makes it more
difficult to break out of the circle of precariousness.

The most striking result in this study was the strong association between EP and poor
child health. After adjustment for social class, children living in EP had 6.51 times more
poor health than children without EP. Very few studies have quantified the magnitude of
the association between EP and children’s health. A United States study that also examined
the association between EP and poor health in children younger than 36 months found that
children in households with moderate or severe EP had an adjusted odds of poor health
30% higher than those in households without EP. The authors suggest that there is a low
“threshold effect” of EP on children’s health, affecting both moderate and severe cases of
EP [21].

EP has been found to predominantly affect physical health in children and mental
health in adolescents, but there have been few systematic assessments of the mental
health effects on children [13]. In this study, we assessed the effects of EP on mental
health in 435 young people, 319 children aged between 4 and 11 years and 116 young
adolescents aged between 12 and 14 years. The results suggest worse mental health in
young people living in EP. The most affected scales were emotional and peer problems,
which are those composing the SDQ internalising score. Internalising behaviours include
anxiety, withdrawal and dysphoria [49]. Although measured with another scale, a recent
study found that 9-year-old children experiencing dual food and energy hardship had a
greater odds of coexisting internalising and externalising behaviours [48]. Mental health
in children living in EP may be affected by different mechanisms; for example, by the
effects of EP on physical health, since children’s mental health is more adversely affected
by illness than adults health [13]. Stress and other mental health problems experienced by
parents living in EP can be transferred to children, and can also negatively affect parental
relationships and parenting behaviour [50]. In addition, children with EP may find their
play space and opportunities for leisure and socialisation reduced [24].
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So far, asthma has been the most widely studied health effect of EP in children.
Previous studies have shown that asthma is associated with cold homes and damp and
mouldy conditions, and that interventions to reduce EP improve asthma symptoms in
children and reduce school absence [19,51–53]. The present study found a much higher
percentage of children with asthma in households with EP. Although this result was not
statistically significant after adjustment for social class, point estimation revealed that, in
more temperate climates, there is also a strong association between EP and asthma, with
children with EP having almost 3 times more asthma than those without EP.

Finally, the relationship between EP and poor nutrition in children is also a major
concern. Families with EP have greater difficulty in buying healthy, quality food and in
preserving and cooking it properly. Poor nutrition in children can lead to underweight
and overweight, with significant long-term consequences for their health and wellbeing.
One study showed that infants up to the age of 3 living in EP were 29% more likely to be
underweight, but the effects of EP on child overweight have not yet been studied. In this
study we found a much greater prevalence of overweight in children with EP, suggesting
that children living in EP were 50% more likely to be overweight.

4.3. Limitations and Strengths

The main limitation of this study is the sample size. The low statistical power did
not allow us to show many statistically significant associations after adjustment of the
models for social class, and the low number of observations limited us to stratifying the
analyses by possible effect modifiers. Another limitation is that the survey was completed
by caregivers. Children and adolescents have valid opinions that should be collected. The
lived experience of children living in EP is essential to better understand and scale how
EP affects their health and wellbeing and build meaningful policy and practice to address
EP [53]. Moreover, there are successful experiences of studies of EP with the participation
of adolescents [26]. It should also be noted that this study was conducted in the city of
Barcelona and may not be generalizable to other contexts. Finally, data are from 2016.
Although these are the latest data available, they may be outdated, especially due to the
exceptional circumstances caused by the Covid-19 this past year. This study, however, is the
first to analyse and quantify the magnitude of the effects of EP on various child health and
wellbeing outcomes in southern Europe and its relevant findings should draw the attention
of practitioners, researchers and policy-makers to further advance this much-needed field.

5. Conclusions and Recommendations

EP is an important public health problem in the city of Barcelona, with a highly
uneven distribution among families and that negatively affects children’s health and
wellbeing. The poorer physical and mental health experienced by children living in
EP has an immediate effect on their quality of life, but may also have important long-
term health implications and may hamper children’s learning and socialising. Long-term
health problems and a lower educational achievement can, in turn, affect employment
opportunities and economic wellbeing in adulthood, increasing health inequalities and
perpetuating cycles of precariousness, which may even affect future generations.

These serious consequences in the short- and long-term should prompt policy-makers
to develop specific measures that prioritise children and adolescents and guarantee basic
supplies for their favourable development and wellbeing. This is especially important
in the context of the COVID-19 pandemic, when we are on the verge of a possible new
economic crisis, which could drag many families into EP and aggravate its effects on health.



Int. J. Environ. Res. Public Health 2021, 18, 5961 9 of 11

Author Contributions: Conceptualization, L.O., C.B., I.G.-P., M.G., M.J.L., L.P., L.A. and M.M.-D.;
methodology, L.O., C.B., I.G.-P., M.G., M.J.L., L.P., L.A. and M.M.-D.; formal analysis, L.O.; writing—
original draft preparation, L.O.; writing—review and editing, C.B., I.G.-P., M.G., M.J.L., L.P., L.A. and
M.M.-D.; supervision, M.M.-D. All authors have read and agreed to the published version of the
manuscript.

Funding: The study is part of the PENSA Project (“Pobreza energética y salud desde multiples
perspectivas: análisis individual, geográfico y temporal”), which received a research grant from
the Carlos III Institute of Health, Ministry of Economy and Competitiveness (Spain), awarded on
the 2015 call under the Health Strategy Action 2013–2016, within the National Research Program
oriented to Societal Challenges, within the Technical, Scientific and Innovation Research National
Plan 2013–2016, with reference PI15/02006, co-funded with European Union ERDF funds (European
Regional Development Fund)”. LO was supported by a Rio Hortega grant (CM19/00184—Contratos
Rio Hortega/Fondo Social Europeo) from the Carlos III Institute of Health.

Institutional Review Board Statement: This study was approved by the Clinical Research Ethics
Committee of Hospital del Mar (2015/6155/l).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bonnefoy, X.; Annesi-Maesano, I.; Moreno Aznar, L.; Braubach, M.; Croxford, B.; Davidson, M.; Ezratty, V.; Fredouille, J.; Gonzalez-

Gross, M.; van Camp, I.; et al. Review of Evidence on Housing and Health; World Health Organization: Budapest, Hungary, 2004.
2. Harker, L. Chance of a Lifetime: The Impact of Bad Housing on Children’s Lives; Shelter: London, UK, 2006.
3. UNHABITAT. The Right to Adequate Housing; Office of the United Nations High Commissioner for Human Rights: Geneva,

Switzerland, 2009.
4. Bouzarovski, S. Energy poverty in the European Union: Landscapes of vulnerability. Wiley Interdiscip. Rev. Energy Environ. 2014,

3, 276–289. [CrossRef]
5. Oliveras, L.; Peralta, A.; Palència, L.; Gotsens, M.; López, M.J.; Artazcoz, L.; Borrell, C.; Marí-Dell’Olmo, M. Energy poverty and

health: Trends in the European Union before and during the economic crisis, 2007–2016. Health Place 2021, 67, 102294. [CrossRef]
6. Randazzo, T.; De Cian, E.; Mistry, M.N. Air conditioning and electricity expenditure: The role of climate in temperate countries.

Econ. Model. 2020, 90, 273–287. [CrossRef]
7. Oliveras, L.; Artazcoz, L.; Borrell, C.; Palència, L.; López, M.J.; Gotsens, M.; Peralta, A.; Marí-Dell’Olmo, M. The association of

energy poverty with health, health care utilisation and medication use in southern Europe. SSM Popul. Health 2020, 12, 100665.
[CrossRef]

8. The EU Energy Poverty Observatory. Available online: https://www.energypoverty.eu/ (accessed on 17 April 2020).
9. Hernández, D. Understanding ‘energy insecurity’ and why it matters to health. Soc. Sci. Med. 2016, 167, 1–10. [CrossRef]

[PubMed]
10. Hernández, D.; Jiang, Y.; Carrión, D.; Phillips, D.; Aratani, Y. Housing hardship and energy insecurity among native-born and

immigrant low-income families with children in the United States. J. Child Poverty 2016, 22, 77–92. [CrossRef] [PubMed]
11. O’Sullivan, K.; Telfar Barnard, L.; Viggers, H.; Howden-Chapman, P. Child and youth fuel poverty: Assessing the known and

unknown. People Place Policy Online 2016, 10, 77–87. [CrossRef]
12. Csiba, K.; Bajomi, A.; Gosztonyi, Á. Energy Poverty Handbook; Greens/EFA Group of the European Parliament, Ed.; Greens/EFA

Group of the European Parliament: Brussels, Belgium, 2016.
13. Liddell, C.; Morris, C. Fuel poverty and human health: A review of recent evidence. Energy Policy 2010, 38, 2987–2997. [CrossRef]
14. Marí-Dell’Olmo, M.; Novoa, A.M.; Camprubí, L.; Peralta, A.; Vásquez-Vera, H.; Bosch, J.; Amat, J.; Díaz, F.; Palència, L.;

Mehdipanah, R.; et al. Housing Policies and Health Inequalities. Int. J. Health Serv. 2017, 47, 207–232. [CrossRef]
15. Marmot Review Team. The Health Impacts of Cold Homes and Fuel Poverty; Friends of the Earth & the Marmot Review Team:

London, UK, 2011.
16. Recalde, M.; Peralta, A.; Oliveras, L.; Tirado-Herrero, S.; Borrell, C.; Palència, L.; Gotsens, M.; Artazcoz, L.; Marí-Dell’Olmo, M.

Structural energy poverty vulnerability and excess winter mortality in the European Union: Exploring the association between
structural determinants and health. Energy Policy 2019, 133, 110869. [CrossRef]

17. Thomson, H.; Snell, C.; Bouzarovski, S. Health, well-being and energy poverty in Europe: A comparative study of 32 European
countries. Int. J. Environ. Res. Public Health 2017, 14, 584. [CrossRef]

18. Liddell, C. The Impact of Fuel Poverty on Children. Policy Brief; Save The Children. 2008. Available online: https:
//www.savethechildren.org.uk/content/dam/global/reports/hunger-and-livelihoods/The_Impact_of_Fuel_Poverty_on_
Children_Dec_08.pdf (accessed on 20 April 2021).

http://doi.org/10.1002/wene.89
http://doi.org/10.1016/j.healthplace.2020.102294
http://doi.org/10.1016/j.econmod.2020.05.001
http://doi.org/10.1016/j.ssmph.2020.100665
https://www.energypoverty.eu/
http://doi.org/10.1016/j.socscimed.2016.08.029
http://www.ncbi.nlm.nih.gov/pubmed/27592003
http://doi.org/10.1080/10796126.2016.1148672
http://www.ncbi.nlm.nih.gov/pubmed/27616875
http://doi.org/10.3351/ppp.0010.0001.0006
http://doi.org/10.1016/j.enpol.2010.01.037
http://doi.org/10.1177/0020731416684292
http://doi.org/10.1016/j.enpol.2019.07.005
http://doi.org/10.3390/ijerph14060584
https://www.savethechildren.org.uk/content/dam/global/reports/hunger-and-livelihoods/The_Impact_of_Fuel_Poverty_on_Children_Dec_08.pdf
https://www.savethechildren.org.uk/content/dam/global/reports/hunger-and-livelihoods/The_Impact_of_Fuel_Poverty_on_Children_Dec_08.pdf
https://www.savethechildren.org.uk/content/dam/global/reports/hunger-and-livelihoods/The_Impact_of_Fuel_Poverty_on_Children_Dec_08.pdf


Int. J. Environ. Res. Public Health 2021, 18, 5961 10 of 11

19. Mohan, G. Young, poor, and sick: The public health threat of energy poverty for children in Ireland. Energy Res. Soc. Sci. 2021, 71,
101822. [CrossRef]

20. Tod, A.M.; Nelson, P.; De Chavez, A.C.; Homer, C.; Powell-Hoyland, V.; Stocks, A. Understanding influences and decisions of
households with children with asthma regarding temperature and humidity in the home in winter: A qualitative study. BMJ
Open 2016, 6. [CrossRef] [PubMed]

21. Cook, J.; Frank, D.; Casey, P.; Rose-Jacobs, R.; Black, M.; Chilton, M.; Ettinger de Cuba, S.; Appugliese, D.; Coleman, S.; Heeren, T.;
et al. A brief indicator of household energy security: Associations with food security, child health, and child development in US
infants and toddlers. Pediatrics 2008, 122, 867–875. [CrossRef] [PubMed]

22. Bhattacharya, J.; DeLeire, T.; Haider, S.; Currie, J. Heat or Eat? Cold-Weather Shocks and Nutrition in Poor American Families.
Am. J. Public Health 2003, 93, 1149–1154. [CrossRef] [PubMed]

23. Kahouli, S. An economic approach to the study of the relationship between housing hazards and health: The case of residential
fuel poverty in France. Energy Econ. 2020, 85, 104592. [CrossRef]

24. Gonzalez-Pijuan, I. Precarietat Energètica i Infància a la Ciutat de Barcelona. Una Mirada des dels Drets Energètics de la Infància;
Associació Catalana d’Enginyeria Sense Fronteres: Barcelona, Spain, 2020.

25. Howden-Chapmna, P.; Matheson, A.; Crane, J.; Viggers, H.; Cunningham, M.; Blakely, T.; Cunningham, C.; Woodward, A.;
Saville-Smith, K.; O’Dea, D.; et al. Effect of insulating existing houses on health inequality: Cluster randomised study in the
community. BMJ 2007, 80, 1–9. [CrossRef] [PubMed]

26. O’Sullivan, K.C.; Howden-Chapman, P.; Sim, D.; Stanley, J.; Rowan, R.L.; Harris Clark, I.K.; Morrison, L.L.A. Cool? Young people
investigate living in cold housing and fuel poverty. A mixed methods action research study. SSM Popul. Health 2017, 3, 66–74.
[CrossRef] [PubMed]

27. Zhang, Q.; Appau, S.; Kodom, P.L. Energy poverty, children’s wellbeing and the mediating role of academic performance:
Evidence from China. Energy Econ. 2021, 97, 105206. [CrossRef]

28. Mohan, G. The impact of household energy poverty on the mental health of parents of young children. J. Public Health (Bangkok.)
2021, 1–8. [CrossRef]

29. Wahlbeck, K.; McDaid, D. Actions to alleviate the mental health impact of the economic crisis. World Psychiatry 2012, 11, 139–145.
[CrossRef] [PubMed]

30. Bartoll, X.; Barranda, L.; González, J.; Perez, K.; Pasarin, M.; Rodríguez-Sanz, M.; Borrell, C. Manual Metodològic de l’Enquesta de
Salut de Barcelona 2016/17. Available online: https://www.aspb.cat/wp-content/uploads/2018/12/Enquesta-Salut-Barcelona-
2016-17-Manual-metodologic.pdf (accessed on 31 May 2021).

31. Manor, O.; Matthews, S.; Power, C. Dichotomous or categorical response? Analysing self-rated health and lifetime social class.
Int. J. Epidemiol. 2000, 29, 149–157. [CrossRef] [PubMed]

32. Scoring the Strengths & Difficulties Questionnaire for Age 4–17. Available online: https://www.sdqinfo.org/ (accessed on 29
July 2020).

33. Aymerich, M.; Berra, S.; Guillamón, I.; Herdman, M.; Alonso, J.; Ravens-Sieberer, U.; Rajmil, L. Desarrollo de la versión en
español del KIDSCREEN, un cuestionario de calidad de vida para la población infantil y adolescente. Gac. Sanit. 2005, 19, 93–102.
[CrossRef]

34. Ravens-Sieberer, U.; Erhart, M.; Rajmil, L.; Herdman, M.; Auquier, P.; Bruil, J.; Power, M.; Duer, W.; Abel, T.; Czemy, L.; et al.
Reliability, construct and criterion validity of the KIDSCREEN-10 score: A short measure for children and adolescents’ well-being
and health-related quality of life. Qual. Life Res. 2010, 19, 1487–1500. [CrossRef]

35. Yoon, H.; Sauri, D.; Domene, E. The water-energy vulnerability in the Barcelona metropolitan area. Energy Build. 2019, 199,
176–189. [CrossRef]

36. World Health Organization Growth Reference Data for 0–5 Years: BMI-for-Age. Available online: https://www.who.int/toolkits/
child-growth-standards/standards/body-mass-index-for-age-bmi-for-age (accessed on 8 May 2021).

37. World Health Organization Growth Reference Data for 5–19 Years: BMI-for-Age. Available online: https://www.who.int/
toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-age (accessed on 8 May 2021).

38. The World Bank World Bank Country Classifications by Income Level. Available online: https://datahelpdesk.worldbank.org/
knowledgebase/articles/906519 (accessed on 31 May 2021).

39. Eurostat Methodological Guidelines and Description of EU-SILC Target Variables. Primary Variables. Household Data. Material
Deprivation. Available online: https://ec.europa.eu/eurostat/documents/1012329/8655372/Household+data+-+Material+
deprivation.pdf/5f81bcd6-8b37-498b-ab06-b53b43d2bb87?t=1518184838000 (accessed on 31 May 2021).

40. Eurostat. Measuring Material Deprivation in the EU. Indicators for the Whole Population and Child-Specific Indicators; Publications
Office of the European Union: Luxembourg, Luxembourg, 2012; ISBN 9789279255717.

41. Domingo-Salvany, A.; Bacigalupe, A.; Miguel, J.; Sociedad, D. Propuestas de clase social neoweberiana y neomarxista a partir de
la Clasificación Nacional de Ocupaciones 2011. Gac. Sanit. 2013, 27, 263–272. [CrossRef]

42. Radimer, K.L.; Radimer, K.L. Measurement of household food security in the USA and other industrialised countries. Public
Health Nutr. 2005, 5, 859–864. [CrossRef]

43. Rao, J.N.K.; Scott, A.J. On Chi-Squared Tests for Multiway Contingency Tables with Cell Proportions Estimated from Survey
Data. Ann. Stat. 1984, 12, 46–60. [CrossRef]

http://doi.org/10.1016/j.erss.2020.101822
http://doi.org/10.1136/bmjopen-2015-009636
http://www.ncbi.nlm.nih.gov/pubmed/26739735
http://doi.org/10.1542/peds.2008-0286
http://www.ncbi.nlm.nih.gov/pubmed/18829785
http://doi.org/10.2105/AJPH.93.7.1149
http://www.ncbi.nlm.nih.gov/pubmed/12835201
http://doi.org/10.1016/j.eneco.2019.104592
http://doi.org/10.1136/bmj.39070.573032.80
http://www.ncbi.nlm.nih.gov/pubmed/17324975
http://doi.org/10.1016/j.ssmph.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29349205
http://doi.org/10.1016/j.eneco.2021.105206
http://doi.org/10.1093/pubmed/fdaa260
http://doi.org/10.1002/j.2051-5545.2012.tb00114.x
http://www.ncbi.nlm.nih.gov/pubmed/23024664
https://www.aspb.cat/wp-content/uploads/2018/12/Enquesta-Salut-Barcelona-2016-17-Manual-metodologic.pdf
https://www.aspb.cat/wp-content/uploads/2018/12/Enquesta-Salut-Barcelona-2016-17-Manual-metodologic.pdf
http://doi.org/10.1093/ije/29.1.149
http://www.ncbi.nlm.nih.gov/pubmed/10750617
https://www.sdqinfo.org/
http://doi.org/10.1157/13074363
http://doi.org/10.1007/s11136-010-9706-5
http://doi.org/10.1016/j.enbuild.2019.06.039
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age
https://www.who.int/toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/toolkits/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
https://ec.europa.eu/eurostat/documents/1012329/8655372/Household+data+-+Material+deprivation.pdf/5f81bcd6-8b37-498b-ab06-b53b43d2bb87?t=1518184838000
https://ec.europa.eu/eurostat/documents/1012329/8655372/Household+data+-+Material+deprivation.pdf/5f81bcd6-8b37-498b-ab06-b53b43d2bb87?t=1518184838000
http://doi.org/10.1016/j.gaceta.2012.12.009
http://doi.org/10.1079/PHN2002385
http://doi.org/10.1214/aos/1176346391


Int. J. Environ. Res. Public Health 2021, 18, 5961 11 of 11

44. Espelt, A.; Marí-Dell’olmo, M.; Penelo, E.; Bosque-Prous, M. Estimación de la Razón de Prevalencia con distintos modelos de
Regresión: Ejemplo de un estudio internacional en investigación de las adicciones. Adicciones 2017, 29, 105–112. [CrossRef]

45. Muller, C.J.; Maclehose, R.F. Estimating predicted probabilities from logistic regression: Different methods correspond to different
target populations. Int. J. Epidemiol. 2014, 43, 962–970. [CrossRef]

46. Petrova, S.; Simcock, N. Gender and energy: Domestic inequities reconsidered. Soc. Cult. Geogr. 2019, 1–19. [CrossRef]
47. Achenbach, T.M.; Edelbrock, C.S. The classification of child psychopathology: A review and analysis of empirical efforts. Psychol.

Bull. 1978, 85, 1275–1301. [CrossRef] [PubMed]
48. Fernández, C.R.; Yomogida, M.; Aratani, Y.; Hernández, D. Dual Food and Energy Hardship and Associated Child Behavior

Problems. Acad. Pediatr. 2018, 18, 889–896. [CrossRef] [PubMed]
49. Clair, A. Housing: An Under-Explored Influence on Children’s Well-Being and Becoming. Child Indic. Res. 2019, 12, 609–626.

[CrossRef]
50. Somerville, M.; Mackenzie, I.; Owen, P.; Miles, D. Housing and health: Does installing heating in their homes improve the health

of children with asthma? Public Health 2000, 114, 434–439. [CrossRef]
51. Free, S.; Howden-Chapman, P.; Pierse, N.; Viggers, H. More effective home heating reduces school absences for chilien with

asthma. J. Epidemiol. Community Health 2010, 64, 379–386. [CrossRef]
52. Barnes, M.; Butt, S.; Tomaszewski, W. The Dynamics of Bad Housing: The impact of bad housing on the living standards of

children. Hous. Stud. 2010, 26, 155–176. [CrossRef]
53. Middlemiss, L.; Gillard, R.; Pellicer, V.; Straver, K. Plugging the Gap Between Energy Policy and the Lived Experience of Energy

Poverty: Five Principles for a Multidisciplinary Approach. In Advancing Energy Policy; Springer International Publishing: Cham,
Switzerland, 2018; pp. 15–29. ISBN 9783319990972.

http://doi.org/10.20882/adicciones.823
http://doi.org/10.1093/ije/dyu029
http://doi.org/10.1080/14649365.2019.1645200
http://doi.org/10.1037/0033-2909.85.6.1275
http://www.ncbi.nlm.nih.gov/pubmed/366649
http://doi.org/10.1016/j.acap.2018.07.002
http://www.ncbi.nlm.nih.gov/pubmed/30006124
http://doi.org/10.1007/s12187-018-9550-7
http://doi.org/10.1016/S0033-3506(00)00383-8
http://doi.org/10.1136/jech.2008.086520
http://doi.org/10.1080/02673037.2010.512749

	Introduction 
	Materials and Methods 
	Design, Information Source and Study Population 
	Study Variables 
	Health and Wellbeing 
	Energy Poverty 
	Sociodemographics 
	Socioeconomics 
	Housing Conditions Related to EP 

	Data Analysis 

	Results 
	EP by Sociodemographic and Socioeconomic Characteristics and Housing Conditions 
	EP and Children’s Health and Wellbeing 

	Discussion 
	Main Findings 
	Interpretation of Results 
	Limitations and Strengths 

	Conclusions and Recommendations 
	References

