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A B S T R A C T   

While recent policy agendas have extensively addressed both energy poverty and risky sexual behavior sepa
rately, little research has explored their intersection. This pioneering study investigates the relationship between 
energy deprivation and risky sexual behavior in female youth. Utilizing data from the Demographic and Health 
Survey in Ghana and employing robust methodologies, including the Lewbel two-stage regression and alternative 
energy deprivation thresholds, our findings reveal an 8.2–8.7% increase in the likelihood of female youth 
engaging in risky sexual activities for each percentage increase in energy poverty. Notably, these estimates hold 
consistent across different wealth terciles and location subgroups. Furthermore, we identify the number of 
lifetime partners as a potential mediator through which energy poverty influences risky sexual behavior. In 
conclusion, our study emphasizes the urgent need for policymakers to prioritize the adoption of affordable en
ergy services, particularly among impoverished and rural households. Such efforts have the potential to mitigate 
the adverse effects of energy poverty on risky sexual behavior. We also advocate for the integration of energy 
poverty eradication strategies within reproductive and sexual health programs to foster comprehensive devel
opment and well-being.   

1. Introduction 

The energy sector occupies a pivotal role within the global economy, 
meriting its inclusion in the 2030 Agenda for Sustainable Development, 
with a specific focus on Sustainable Development Goal 7. From a policy 
standpoint, the progress within this sector is frequently intertwined with 
economic growth, energy security, and addressing climate change con
cerns. Regrettably, the concept of energy poverty, characterized by the 
inability to access essential energy services, energy inputs, outcomes of 
energy use, and the quality of energy (González-Eguino, 2015; Culver, 
2017), has been demonstrated to yield substantial and far-reaching 
consequences. The different aspects of energy services often consid
ered include access to electricity, non-biofuel for cooking, energy for 
entertainment and communication. These consequences extend across 
areas such as education, health, and subjective well-being, as under
scored in prior research (Zhang et al., 2021; Churchill et al., 2020; Lin & 
Okyere, 2020; Thomson et al., 2017; Biermann, 2016; Lin & Okyere, 

2021). While research examining the consequence of energy poverty has 
gained momentum, a notable gap in the existing scholarly discourse 
revolves around our understanding of the potential impact of energy 
poverty on individual behavioral patterns, for example risky sexual 
behavior. 

Risky sexual behavior stands as a prominent risk factor in the global 
burden of disease (Chan, 2021). Risky sexual behavior does not only 
have health implications but also has a wide range of social conse
quences (Adhikari, 2009). Contemporary public health policies 
emphasize the promotion of safe sexual practices and education over the 
prohibition of sexual activities, giving rise to growing concerns about 
the alarming rates of unintended pregnancies and sexually transmitted 
infections (STIs), notably in sub-Saharan Africa (Herman et al., 2017). 
This concerning trend is particularly pronounced among adolescents 
and marginalized young individuals, prompting inquiries into the root 
causes of risky sexual behavior (Ngoc Do et al., 2020). While previous 
research has indicated that resource scarcity plays a significant role, 
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empirical studies addressing specific forms of deprivation remain 
limited in the literature. In light of this, our study conducts an empirical 
investigation into the impact of a particular form of deprivation—energy 
poverty—on risky sexual behavior among young females and explores 
the key pathways through which it exerts influence. 

This study specifically focuses on female youth as they suffer most 
from the implications of gender-based inequalities such as resource 
deprivation as asserted by the theory of Gender and Power (Connel, 
1987; Wingood & DiClemente, 2000). Females are often considered to 
be highly likely to contract STIs and suffer from sexual relationship in
equalities, such as the fear of being physically abused in condom use 
negotiations (Raiford et al., 2009; Spiegel & Futterman, 2009; Torian 
et al., 2011; Wingood & DiClemente, 2000). Compared to their male 
counterparts, female youth have lower condom use and risk perception 
of STIs and a higher rate of indulging in risky sexual practices (Christian 
et al., 2021; DiClemente et al., 1996). Furthermore, female youth with 
high levels of psychological distress are prone to STIs, engage in sexual 
acts while high on drugs, concurrently have male and female partners, 
and are very fearful when communicating with their partners (Seth 
et al., 2011). Therefore, a study that unearths the extent to which a 
specific deprivation such as energy poverty affects the sexual behavior of 
this group may significantly impact the formulation of policies that seek 
to improve their welfare. 

This study makes several contributions to the literature. The first 
strand adds to the literature on risky activities and resource deprivation. 
These studies usually posit that being deprived increases one’s chances 
of getting involved in dangerous activities such as crime, unsafe sex, and 
violence (Christian et al., 2021; McIlwaine & Moser, 2003; Noar et al., 
2012). However, they usually fail to account for the specificity of 
deprivation. As energy poverty forms a distinguishable aspect of 
resource deprivation (Moore, 2012), we build on this literary feature by 
concentrating mainly on the effect of energy deprivation on risky sexual 
behavior. Supported by Crutchfield and Wadsworth (2003), an analysis 
that specifically understudies specific resource deficiencies helps in the 
granular analysis and aids policy formulation and implementation. 
Furthermore, we add to the scope of literature on the effects of energy 
deprivation (Amin et al., 2020; Churchill et al., 2020; Lin & Okyere, 
2020, Lin & Okyere, 2021). These studies have examined the effect of 
energy poverty on economic development, subjective well-being, and 
health. The context on health outcomes has primarily focused on the 
effects of energy poverty on mental influences (Churchill et al., 2020; 
Lin & Okyere, 2020; Thomson et al., 2017). On the contrary, we 
contribute to these studies by explicitly focusing on risky sexual activ
ities – a dimension of physical health disorder. Thirdly, this study le
verages one of the most comprehensive microdata collections pertaining 
to households in Ghana to probe the mechanisms underlying the impact 
of energy deprivation on risky sexual behavior. Access to microdata 
encompassing both energy utilization and sexual behaviors in devel
oping economies is often a formidable challenge, imposing constraints 
on related research endeavors. The Demographic and Health Survey 
(DHS) data used in this paper is the largest publicly available dataset on 
household energy services and health and allows us to control for rich 
household characteristics to reduce estimation bias. More importantly, 
this dataset contains several individual lifestyle variables on which we 
can delve into the mechanisms or channels through which energy 
poverty affects risky sexual activities among females. 

The rest of the study is organized as follows: the next section dis
cusses the conceptual framework of how energy poverty affects risky 
sexual behaviors. Section 3 explains why the study is relevant in Ghana; 
Section 4 describes the data, variables, and estimation strategy; Section 
5 presents the results and discussion, and Section 6 gives the conclusion 
and implications. 

2. Conceptual framework and hypotheses 

This section provides a conceptual analysis and hypothesis of how 

the lack of energy access can affect risky sexual behaviors among female 
youth. 

The Broken Window theory, originally used in examining commu
nity disorder and crime (Wilson & Kelling, 1982), can help explain the 
relationship between energy poverty and risky sexual activities. The 
theory posits that people’s actions may be inspired via messages their 
physical surroundings signal. By this theory, a chaotic and disordered 
surrounding characterized by faulty street lights, frequent blackouts, 
among others, may signal occupants that prohibited behaviors such as 
prostitution, illicit drug use, and vandalism are permissible and may be 
normative over time. Therefore, in environments where people live in 
less insulated structures without grid connections, faulty or unavailable 
street lights, risky sexual conduct is deemed normal (Jessel et al., 2019). 
However, some studies have critiqued this theory as having some con
ceptual and methodological issues. For example, Sampson and Rau
denbush (2001) contend that this theory assumes disorder as a vital and 
standard phenomenon and argues how the idea has neglected cultural 
stereotypes and context. That notwithstanding, studies that have applied 
this theory have observed higher rates of sexually transmitted infections 
among residents in these risky neighborhoods (Cohen et al., 2000). 

Furthermore, the lack of proper sexual information sources facili
tated via end-use appliances is another perspective on how energy 
poverty can affect risky sexual behavior (Awusabo-Asare & Annim, 
2008; Latifnejad Roudsari et al., 2012; Mirzaii Nagmabadi et al., 2014). 
Thus, deprived people usually struggle to use their resources to obtain 
credible information to take protective measures, such as seeking 
treatments for sexual infections or using a condom (Lopman et al., 
2007). Consequently, a deprivation in end-use appliances such as tele
vision or radio deprives people of information on the dangers of getting 
involved in risky sexual activities, thereby increasing their chances of 
opting for riskier sex. We, therefore, hypothesize that energy depriva
tion increases the likelihood of females engaging in risky sexual activity. 

Hypothesis A. Energy poverty positively influences risky sexual be
haviors among females. 

Qualitative and anecdotal studies suggest that deprivation of re
sources increases the chances of females engaging in risky sexual acts 
through multiple partners (Khan et al., 2010; Silas, 2013). Thus, when 
women are deprived of energy services, they are likely to have numerous 
sexual partners (Mill & Anarfi, 2002; Weiser et al., 2007). For example, 
with energy access deemed as a means of enhancing social status (Day 
et al., 2016; Lin & Okyere, 2021; Middlemiss et al., 2019), people, 
especially females, are likely to date multiple men to enable them to 
afford energy services to reinforce their positions in society (Khan et al., 
2010). Similarly, with energy poverty noted to result in anxiety or 
depression (Churchill et al., 2020; Lin & Okyere, 2021; Zhang et al., 
2021), females who are sometimes overwhelmed with the stress pre
sented by their inability to access energy services resort to having 
multiple partners as a maladaptive strategy to cope with or regulate the 
effect (Briere, 2004). Therefore, when females are energy-deprived, 
their numerous partners serve as a resource that can be drawn upon 
for material or economic advantage. Consequently, having many part
ners increases one’s likelihood of engaging in riskier sexual acts. This is 
because safe sex may be expensive and warrant welfare losses if energy 
resources provided by the numerous partners of the female’s compen
sation for the risk of having unprotected sex. We therefore hypothesize 
that, the total number of lifetime partners for a female mediates the 
relationship between energy access and risky sexual activity. 

Hypothesis B. Total lifetime partners mediate the positive relation
ship between energy poverty and risky sexual behaviors among females. 

3. Why Ghana 

Access to reliable energy and energy services remains a challenge in 
developing nations, with a disproportionate impact on sub-Saharan 
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African countries. Ghana has implemented programs to reduce depen
dence on traditional biomass, such as the National Liquefied Petroleum 
Gas (LPG) promotion campaign, however, the predominant sources of 
household cooking energy include firewood, followed by charcoal, gas, 
crop residue/sawdust, kerosene, then electricity (Adusah-Poku et al., 
2019). While scholarship on the effect of household energy poverty on 
social and individual outcomes such as mental health (Lin and Okyere, 
2020), and general well-being and health (Churchill & Smyth, 2021) are 
growing, the effect of energy poverty on important individual behaviors 
of public health significance, such as sex behavior has hardly been 
investigated. 

Manu et al. (2022) reported that 79% and 68% of young women and 
men had unprotected sex during their last sexual intercourse. Although 
risky sexual behavior has been shown to be associated with poverty 
(specifically wealth) in Ghana, the link is far from consistent (Awusa
bo-Asare and Annim, 2008; Darteh, Dickson, & Amu, 2020). Given the 
youthfulness of Ghana’s population, inquiries into how and the mech
anism through which different forms of deprivation influence sexual 
behavior, particularly among individuals within the reproductive age 
bracket, are critical. 

4. Methodology 

4.1. Data 

Consistent with our objective, we employed the 2014 Ghana De
mographic and Health Survey (GDHS) by the Ghana Statistical Service. 
This nationally representative survey gathers information on re
spondents’ energy services, health, and other socioeconomic charac
teristics via the DHS Phase VI core questionnaire. This survey employed 
a two-stage stratified sampling technique based on Ghana’s 2010 Pop
ulation and Housing Census data in sampling enumeration areas (EAs). 
Based on a probability sampling technique, 427 EAs were selected in the 
first stage of sampling, while a systematic sampling method was 
employed in determining households within the EAs in the second 
sampling stage. The Ghana Health Service Ethical Review Committee 
and the Institutional Review Board of ICF International, Maryland, USA, 
approved the 2014 GDHS. Interviewed households were those who 
provided informed consent before the interview. For our analysis, the 
household questionnaire provided vital information about household 
energy access and end usage, among other household factors, while the 
women’s questionnaire covered specific questions on reproductive 
health and sexual behavior-related issues. General eligibility for the 
women’s interview were women within the reproductive ages of 15–49 
years. For this study, the analytical sample comprised unmarried female 
youth aged 15–34 years who had a history of sexual activity. The current 
study specifically focused on female youth as they are the ones noted to 
experience sexual violence and are more likely to engage in unprotected 
sex or have multiple sexual partners in exchange for resources as they 
lack control over sexual decision-making and are prone to contracting 
HIV (Dunkle et al., 2004; Kalichman & Simbayi, 2004; Weiser et al., 
2006). Using this criterion, our analysis sample comprised 2445 
observations. 

4.2. Measurement of key variables 

4.2.1. Risky sexual behavior 
Young women’s risky sexual behavior is generally viewed as the 

occurrence and extent to which girls get involved in dangerous sexual 
activities (Christian et al., 2021). Following Christian et al. (2021), we 
captured this behavior based on four different indicators from the DHS. 
They involved 1) an individual engaging in early sex or involved in 
sexual activity before age sixteen; 2) an individual having unprotected 
sex (without a condom) with a non-marital or co-habiting partner within 
the last 12 months; 3) an individual having numerous partners she 
engaged with sexually in the past twelve months and 4) an individual 

being diagnosed of having contracted a sexually transmitted infection. 
Respondents who were not involved in either of the activities were 
coded 0 and referred to as “no risk”; those who engaged in at least one of 
these activities were coded 1 and referred to as “low risk”, while those 
involved in two or more were coded 2 and referred to as “high risk”. 

4.2.2. Multidimensional energy poverty 
The Multidimensional Energy Poverty Index (MEPI) by Nussbaumer 

et al. (2012) was adopted in measuring energy poverty in this study. This 
is due to its ability to capture multiple energy deprivation and suitability 
in capturing energy poverty for developing economies (Lin & Okyere, 
2020, Lin & Okyere, 2021; Nussbaumer et al., 2012). Following Nuss
baumer et al. (2012), we assigned weights to the six indicators of the 
MEPI. These indicators included lighting, cooking, indoor air pollution, 
education/entertainment, household appliance ownership, and 
communication. Although equal weights can be assigned to these six 
dimensions, we apportioned relatively higher weights to the cooking, 
indoor air pollution, and lighting indicators due to their relative 
importance, especially for developing countries (Adusah-Poku & Take
uchi, 2019; Nussbaumer et al., 2013). Thus, weights of 0.205 were 
assigned to the cooking and indoor air pollution indicators, 0.200 to 
lighting, and an equal weight of 0.13 to the remaining three indicators. 
A household is considered deprived in an indicator: 1) if they are not 
connected to the grid for electricity; 2) if they use biomass fuels (fire
wood, charcoal, residue, etc.) for cooking or heating; 3) if they use the 
biomass fuel in an enclosed room that has no window or chimney; 4) if 
they do not own a refrigerator or deep freezer; 5) if they do not possess a 
TV or a radio set, and 6) if they do not own a mobile phone. We compute 
the MEPI by taking the weighted sum of these deprivations. The depri
vation score involves ratios spanning from 0 to 1, where a score of 1 
denotes households that are energy poor across all MEPI indicators, and 
0 indicates the absence of energy poverty. This measure is denoted as 
EPOV1. Following the methodology outlined by Nussbaumer et al. 
(2012), we compare the deprivation score to a predefined threshold of 
0.333. Households with scores equal to or exceeding this threshold are 
classified as multidimensionally energy poor, identified as EPOV2. 
Additionally, we implement MEPI cutoffs of 0.2 (EPOV3) and 0.5 
(EPOV4), as suggested by Koomson and Danquah (2021) and Lin & 
Okyere, 2021. These measures, EPOV3 and EPOV4, contribute to the 
robustness of our estimates, aligning with methodologies established in 
prior studies (Lin & Okyere, 2022; Okyere et al., 2023; Okyere & Lin, 
2023). 

4.2.3. Covariates 
Following the related studies on risky sexual behavior, we controlled 

various variables that can influence the association between risky sexual 
behavior and energy poverty. Studies in sub-Saharan Africa have shown 
that low socioeconomic status is associated with inconsistent condom 
use, forced sex, and sex exchange (Dunkle et al., 2004; Gillespie & 
Kadiyala, 2005). We precisely controlled household income (Ali et al., 
2021; Ali & Tadele, 2021; Awusabo-Asare & Annim, 2008), years of 
education (Ali et al., 2021; Christian et al., 2021; Gebeyehu & Mulatie, 
2021), age (Ramjee & Daniels, 2013; Sieving et al., 2006), sex of 
household head (Gyan & Marhefka-Day, 2021; Watkins & Carson, 
2021), and household size (Awusabo-Asare & Annim, 2008; Christian 
et al., 2021). We also accounted for location fixed effects by considering 
the locations within which these females were located. The definition 
and statistics of the variables used in this study are presented in Table 1. 

4.3. Estimation strategy 

We estimated the relationship between energy poverty and risky 
sexual behavior following equation (1); 

RSBi =αo + β1EPOVi +
∑

n
βnXn,i + δi + εi (1) 
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Where RSB shows the female’s risky sexual behavior; EPOV refers to 
energy poverty; Xn,i is a vector of individual and household character
istics; εi signifies the randomly distributed error term; βn represents the 
coefficients of the regressors; while the constant term and location fixed 
effect are defined by αo and δi, respectively. 

We used the multinomial logistic regression model in analyzing the 
relationship between energy poverty and risky sexual behavior based on 
the fact that our dependent variable is categorical with three factors (i. 
e., “no risk”; “low risk,” and “high risk). The probability that a female 
youth i will engage in a risky sexual activity k is given by 

Pr(yi = k|xi)=

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

1

1+
∑3

i=2
exp(xiβj)

for k=1

exp(xiβj)

1+
∑3

i=2
exp(xiβj)

for k=2,3
(2)  

where xi is a row vector of explanatory variables for female youth i, 
while βk represents the vector of coefficients for a risky sexual activity k. 
A detailed description of this technique can be found in Greene (2003). 
Due to the difficulty in interpreting the estimated coefficients using this 
model and the fact they do not represent changes in probabilities, 
marginal effects are usually computed as shown in equation (3); 

∂Pr(yi = k|xi)

∂xi
=Pr(yi = k|xi)

[

βk −
∑3

i=2
expPr(yi = j|xi)βj

]

(3) 

However, our estimates are likely to suffer from omission of relevant 
variables, reverse causality, or measurement errors. Hence, we 
employed the Lewbel 2-stage least regression to eliminate this endoge
neity problem. Unlike GMM and IV regression, this technique presents 
an identification strategy founded on the heteroskedastic covariance 
restriction (Lewbel, 2012). Thus, this method does not rely on meeting 
the standard exclusion restrictions as it internally generates instruments 
for the endogenous variable (in our case, energy poverty). The technique 
has been widely employed (Churchill & Smyth, 2020; Koomson & 
Danquah, 2021; Zhang et al., 2021). In addition, we tested the robust
ness of our estimates by applying the propensity score matching method 
with various matching techniques and a sensitivity analysis with 
different cutoffs of energy poverty. 

To further analyze the mediating role of total lifetime partners in 
explaining the impact of multidimensional energy poverty on risky 

sexual behavior, a two-step approach consistent with Koomson and 
Danquah (2021); Churchill and Smyth (2020) and Lin & Okyere, 2021 
was applied. Following these studies, if the effect of energy poverty is 
reduced or rendered insignificant when total lifetime partners is intro
duced as a control variable, then total lifetime partners can be described 
as a mediating variable. 

5. Results and discussion 

5.1. Baseline results 

Table 2 presents the estimates from the multinomial logistic regres
sion model. Panel A and B present estimates where we regress risky 
sexual behavior on energy poverty captured using energy deprivation 
score (EPOV1) and the energy poverty cutoff (EPOV 2) based on Nuss
baumer et al. (2012), respectively. Table 2 reveals that the coefficient of 
EPOV1 and EPOV2 in both panels is positive and significant statistically 
at the traditional significance level, indicating that energy deprivation is 
positively related to the probability of engaging in risky sexual behavior. 
Thus, for a percentage increase in energy deprivation, the probability of 
engaging in a lower and higher risky sexual activity increases by about 
58% and 55%, respectively, holding other things constant (in Panel A). It 
can be noticed that this positive association remains consistent in Panel 
B. Thus, energy-poor individuals are about 35% and 36%, more likely to 
belong to low and high-risk categories of risky sexual activity, respec
tively, than their counterparts who do not involve themselves in these 
activities. This, shows that our baseline estimates are consistent with 
studies that have observed a positive association between risk activities 
and resource deprivation (e.g., Christian et al., 2021; McIlwaine & 
Moser, 2003; Noar et al., 2012). However, making causal inferences 
with our baseline results may be erroneous. We, therefore, present 

Table 1 
Description and summary statistics of the variables.  

Variable Description Mean SD 

RSB Risky sexual behavior (0 = no risk) (1 = low 
risk) (2 = high risk) 

0.764 0.723 

EPOV1 Energy deprivation score 0.570 0.288 
EPOV2 Energy poverty based on 0.333 cutoff 0.780 0.413 
EPOV3 Energy poverty based on 0.200 cutoff 0.764 0.723 
EPOV4 Energy poverty based on 0.500 cutoff 0.764 0.723 
Age Age of female 25.383 5.087 
Education Years of education 7.079 4.478 
Employed Employment status (0 = unemployed) (1 =

employed) 
0.706 0.455 

Dependent Total number of children and elderly in the 
household 

1.637 1.648 

HH size Household Size 4.811 2.733 
Sex of HH head Sex of household head (0 = male) (1 =

female) 
0.368 0.464 

HH wealth Household wealth terciles   
Poor Poor (0 = non-poor, 1 = poor) 0.333 0.471 
Middle Income Middle Income household (0 = non-middle 

income, 1 = middle income) 
0.333 0.471 

Rich Rich household (0 = non-rich, 1 = rich) 0.333 0.471 
Location Fixed 

Effect 
Location of residence (1 = Urban, 0 = Rural) 0.507 0.500  

Table 2 
Energy poverty and risky sexual behavior.  

Variables Panel A Panel B 

No risk Vs 
low risk 

No risk Vs 
high risk 

No risk Vs 
low risk 

No risk Vs 
high risk 

(1) (2) (3) (4) 

EPOV1 0.580** 0.549*    
(0.237) (0.315)   

EPOV2   0.351*** 0.355*    
(0.134) (0.188) 

Age − 0.103*** − 0.170*** − 0.108*** − 0.170***  
(0.014) (0.019) (0.014) (0.019) 

Education (years) 0.007 − 0.069*** 0.007 − 0.069***  
(0.013) (0.019) (0.013) (0.019) 

Employed 0.065 − 0.110 0.064 − 0.111  
(0.114) (0.148) (0.114) (0.148) 

Dependents 0.028 − 0.157** 0.030 − 0.155**  
(0.042) (0.065) (0.042) (0.065) 

HH size 0.063*** 0.099*** 0.061*** 0.098***  
(0.020) (0.025) (0.020) (0.025) 

Sex of HH head 1.090*** 1.638*** 1.099*** 1.646***  
(0.110) (0.146) (0.110) (0.146) 

HH wealth (Base: Poor) 
Middle Income − 0.082 − 0.064 − 0.158 − 0.188  

(0.148) (0.196) (0.187) (0.141) 
Rich − 0.304 − 0.469* − 0.405** − 0.560**  

(0.286) (0.280) (0.191) (0.258) 
Location Fixed 

Effect (base: 
Urban) 

− 0.121 − 0.329* − 0.117 − 0.325*  

(0.127) (0.169) (0.127) (0.168) 
Constant 2.283*** 3.563*** 2.447*** 3.682***  

(0.465) (0.620) (0.420) (0.565)  

Observations 2445 2445 2445 2445 

Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. 
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variant robust methods to resolve this issue, as presented in Table 3. 

5.2. Robustness checks 

A series of tests are performed in this section to analyze the robust
ness of our results. As mentioned in Section 4.4, we present Lewbel IV 
and PSM estimates in Table 3. The estimates from the Lewbel IV reveal 
that energy deprivation increases a female’s likelihood of engaging in 
risky sexual activity. Using internal instruments as presented in Panel A, 
female youth are about 8.2% highly likely to involve themselves in these 
risky sexual activities for a percentage increase in energy deprivation at 
a 10% significance level. Estimates from the propensity score matching 
using the regression adjustment matching technique as confirmatory 
analysis are also presented in Panel B of Table 3. The dependent vari
able’s treatment effect on the treated (energy poor) is consistent with the 
baseline and Lewbel IV results. Specifically, female youth from energy- 
poor households are about 8.7% more likely to pursue risky sexual ac
tivities. Estimates from the Lewbel and PSM signify that the positive 
linkage between energy poverty and risky sexual behavior is consistent 
across the variant endogenous addressing techniques. It can also be 
observed that estimates from our baseline regression are greater in 
magnitude than the robust estimates, indicating that the effect of energy 
poverty on risky sexual activity is biased upward in the baseline 
regression. 

Furthermore, we categorized our dependent variable into a dummy 
variable (engages or not) and estimated the effect of alternative cutoffs 
of energy poverty to check the sensitivity and robustness of our esti
mates, as presented in Table 4. In addition to the energy deprivation 
score (EPOV1) and energy poverty cutoff (EPOV 2) based on Nuss
baumer et al. (2012), we apply a MEPI cutoff of 0.2 (EPOV3) and 0.5 
(EPOV4) following Koomson and Danquah (2021), and Lin & Okyere, 
2021. Except for EPOV 4, all other estimates from the alternative cutoffs 
of energy estimates confirm our initial findings, which suggest that en
ergy poverty increases the involvement of female youths in these risky 
sexual acts. 

The positive effect of energy poverty and risky sexual acts supports 
hypothesis A and the broken window theory (Wilson & Kelling, 1982) 
that argues for normalcy in living in chaotic and disordered surround
ings. An energy-poor household could mimic an environment compa
rable to a “broken window,” indicating neglect and deprivation. In such 
conditions, women are more likely to engage in risky sexual behavior 
due to the perceived lack of opportunities, resources, and social support. 
Additionally, the stress that may accompany energy poverty could lead 
to prioritizing immediate needs over long-term health considerations, 
influencing the decision-making process regarding sexual behavior. 
Specifically, females who are energy-poor are more likely to engage in 
these risky activities, as their environment (being energy-deprived) 
deprives them of vital information about the adverse effects of these 

activities. The lack of knowledge about contraceptives due to depriva
tion in end-usage appliances such as TV or radio contributes to their 
engagement in these risky activities. The deficiency in knowledge 
caused by being energy-deprived may lead to contraceptive failure – a 
significant cause of unintended pregnancies among youth in 
sub-Saharan Africa (Atiglo & Biney, 2021; Hindin et al., 2014). Addi
tionally, a deprivation in energy solutions such as lighting could stall 
business and income generation, preventing women from becoming 
entrepreneurs and further increasing their dependence on sex for favors 
from men (Thorgren and Ghasemi Niavarani, 2021). Again, to escape 
the shame of being energy-deprived from not having mobile phones, 
females sometimes resort to these sexual activities to enable them to 
acquire energy services to maintain their social image (Day et al., 2016; 
Lin & Okyere, 2021; Middlemiss et al., 2019). 

5.3. Heterogeneity analysis 

Subsequently, we probe the impact of energy poverty on risky sexual 
activity across variant sub-samples. The idea of performing the analysis 
at variant levels of the data is consistent with the principal goal of the 
SDGs of “leaving no one behind.” Table 5 presents the energy poverty- 
risky sexual behavior nexus across income and location subgroups. 
Our estimates reveal that the association between energy poverty and 
risky sexual behavior is positive across the income and location sub
groups but not significant consistently across all the subgroups. The 
results show that EPOV1 and EPOV2 positively and significantly affect 
the risky sexual behavior of female youths from poor homes and rural 
areas. For instance, energy-poor females from poor homes are about 
27% more likely to involve themselves in these risky activities than their 
non-energy-poor counterparts at a 5% significance level. The outcome of 
a higher likelihood of energy-poor girls belonging to the poorer income 
terciles involving themselves in risky sexual activities is consistent with 
other studies (Awusabo-Asare & Annim, 2008; Christian et al., 2021). 
This is because females from wealthier homes have access to TV or radio 
that enables them to access relevant information about the benefits of 
safe sex. Hence, they will opt for condoms during sexual intercourse, 
unlike their energy-poor counterparts. 

Similarly, energy-poor females from rural areas are about 22.5% 

Table 3 
Lewbel IV estimates the effect of energy poverty on risky sexual 
behavior.  

Variable MEPI 

Panel A-Internal instrument 
EPOV2 0.082*  

(0.045) 
Covariates (?) Yes 

Cragg-Donald Wald F statistic 801.153 
Observations 2353 

Panel B-PSM 
EPOV2 0.087**  

(0.050) 
Covariates (?) Yes 

Observations 2353 

Standard errors in parentheses; **p < 0.05, *p < 0.1. 

Table 4 
Sensitivity analysis.  

Variable Column A Column B Column C Column D 

EPOV1 0.114**     
(0.046)    

EPOV2  0.072***     
(0.025)   

EPOV3   0.073***     
(0.027)  

EPOV4    0.034     
(0.025) 

Covariates Yes  Yes Yes 

Pseudo R2 0.124 0.125 0.124 0.122 
Observation 2445 2445 2445 2445 

Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. 

Table 5 
Heterogenous analysis.  

Variable Panel A: Income Tercile Panel B: Location 

Poor Middle Rich Rural Urban 

EPOV1 0.183* 0.089 0.035 0.178* 0.028  
(0.109) (0.121) (0.133) (0.093) (0.100) 

EPOV2 0.271** 0.116 0.051 0.225*** 0.004  
(0.127) (0.085) (0.049) (0.069) (0.045) 

Covariates Yes Yes Yes Yes Yes 

Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. 
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more likely to participate in risky sexual activities than their non- 
energy-poor folks, at a 1% significance level. This is due to the depri
vations in end-use appliances such as television or radio (Lin & Okyere, 
2020; Zhao et al., 2010) that would have enabled these rural 
energy-poor females to obtain credible information on protective mea
sures such as seeking treatments for sexual infections or using a condom 
(Lopman et al., 2007). In a study across 14 sub-Saharan African coun
tries, the number of rural adolescents who reported engaging in sex 
without a condom was about 20% higher than their counterparts in 
urban areas (Ali et al., 2021). With energy poverty being prevalent in 
these rural settings (Adusah-Poku & Takeuchi, 2019; Lin & Okyere, 
2020), the lack of information via end-use appliances increases the 
chances of energy-poor females in rural areas engaging in these risky 
acts. 

5.4. Mechanism 

Mediums via which energy poverty affects risky sexual behaviors are 
presented in Table 6. Based on the nature of the dataset, we concentrate 
on one mechanism: the total number of lifetime partners. Panel B of 
Table 6 shows that an increase in energy poverty positively and signif
icantly impacts the total number of partners the respondents have had in 
their lifetime. After the positive association between energy poverty and 
risky behaviors among female youth, the impacts of the total number of 
life partners are included in the model displayed in Panel C of Table 6. A 
decline in the magnitude of energy poverty compared to that of Panel A 
can be observed when the mediating variable is included in Panel C. 
Therefore, we can conclude and confirm that the total number of life
time partners plays a significant role in aggravating the impact of energy 
poverty on females’ engagement in risky sexual activities. 

The mediation analysis is consistent with hypothesis B and the 
literature that views risky sexual activities as a coping strategy (Gillespie 
& Kadiyala, 2003, 2005; Weiser et al., 2007). These theories view peo
ple’s involvement in these activities as eradication schemes for resource 
deprivation. Thus, when women are deprived of energy services, they 
are likely to resort to multiple older men for material or economic 
advantage (Mill & Anarfi, 2002; Weiser et al., 2007). In exchange for the 
energy resource, these men demand sex from the females. In addition, 
with the mental stressors that come with energy poverty, some females 
veer into having numerous partners as a maladaptive coping strategy 
and end up involving themselves in riskier sex (Briere, 2004). This is 
because their involvements in riskier sex may be relatively cheap and 
guarantee welfare gains as the benefits from energy services provided by 
the numerous partners augment the risk of having unprotected sex. 

6. Conclusion and policy implications 

The socioeconomic costs brought unto society at all levels resulting 
from energy poverty and risky sexual activities are substantial. Risky 

sexual behavior has been argued to be another significant socioeco
nomic problem given its consequences for unintended pregnancies and 
sexually transmitted diseases among the youth. However, the interplay 
between these issues is yet to be explored. This paper tests the influence 
of energy deprivation on female youth involvement in risky sexual ac
tivities using the 2014 Demographic and Health Survey in Ghana. 
Interestingly, the estimates show that energy deprivation increases the 
likeliness of female youths engaging in risky sexual activities. This result 
is consistent across poorer and rural subgroups and alternative cutoffs of 
energy poverty. We further identified channels through which energy 
poverty influences risky sexual activity. Specifically, we find the total 
number of lifetime partners as a virtual channel through which energy 
poverty influences risky sexual activity among female youth. 

The results elicit essential policy recommendations for advocates and 
decision-makers. These outcomes call for sexual health policies to 
recognize the role of energy deprivation play among the targeted pop
ulations. Although the Ghana Adolescent Health Service Policy and 
Strategy 2016–2020 (GHS, 2016) has identified sexual and reproductive 
health as fundamental problems that require attention, these policies 
usually lack recommendations that consider the adverse effects of en
ergy deprivation. Therefore, the implementation of existing reproduc
tive and sexual health programs ought to consider the association 
between energy deprivation and sexual behavior. 

Furthermore, strategies promoting affordable energy services to poor 
and rural households could effectively help address the adverse effects of 
energy poverty on sexual behavior. An expanded lighting initiative in 
rural areas via the provision of solar street lighting and lanterns can help 
break the normalcy of risky sexual activities that come with living in 
energy-deprived environments. Rural-based enterprises can be set up to 
sell rechargeable solar lights and charge mobile phones using the solar 
photovoltaic (PV) systems provided at a rate above the marginal cost to 
earn additional revenue. This limits female youths from resorting to 
adult men for their needs. This scheme also serves as a service rather 
than an upfront purchase, enabling low-income families to address en
ergy affordability issues. End-usage appliances can also be provided to 
girls from energy-deprived households to allow them to access educative 
programs on the adverse effect of risky sexual activities to limit their 
involvement. Moreover, the analysis on the channel of influence sug
gests that counseling, especially for female youth on multiple partners, 
could dampen the effect of energy poverty on sexual behavior among 
youth. 

Despite the robustness of the study’s estimates, the study employed 
cross-sectional data for the analysis due to the unavailability of panel 
data. This makes it impossible to discuss unobserved characteristics of 
the female youth. Additionally, we acknowledge the complex nature and 
drivers of risky sexual behavior and thus suggest further studies, 
including qualitative and mixed-method studies, that could provide 
more context to the energy poverty and sexual behavior discourse. This 
notwithstanding, this study provides exciting insight, paving the way for 
further research on the topic. Future research may consider a panel 
analysis and explore more channels of influence. 
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Middlemiss, L., Ambrosio-Albalá, P., Emmel, N., Gillard, R., Gilbertson, J., 
Hargreaves, T., Mullen, C., Ryan, T., Snell, C., & Tod, A. (2019). Energy poverty and 
social relations: A capabilities approach. Energy Research & Social Science, 55, 
227–235. 

Mill, J. E., & Anarfi, J. K. (2002). HIV risk environment for Ghanaian women: Challenges 
to prevention. Social Science & Medicine, 54, 325–337. 

Mirzaii Nagmabadi, K., Babazadeh, R., Shariati, M., & Mousavi, S. A. (2014). Iranian 
adolescent girls and sexual and reproductive health information and services: A 
qualitative study. Iran. Journal of Obstetrics & Gynaecology of India, 17, 9–18. 

Moore, R. (2012). Definitions of fuel poverty: Implications for policy. Energy Policy, 49, 
19–26. 

Ngoc Do, H., Ngoc Nguyen, D., Quynh Thi Nguyen, H., Tuan Nguyen, A., Duy 
Nguyen, H., Phuong Bui, T., … Ho, C. S. H. (2020). Patterns of risky sexual behaviors 
and associated factors among youths and adolescents in Vietnam. International 
Journal of Environmental Research and Public Health, 17(6), 1903. 

Noar, S. M., Webb, E., Van Stee, S., Feist-Price, S., Crosby, R., Willoughby, J. F., & 
Troutman, A. (2012). Sexual partnerships, risk behaviors, and condom use among 

M.A. Okyere et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2352-8273(23)00262-8/opt7TS81nv7kB
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt7TS81nv7kB
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt7TS81nv7kB
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref1
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref1
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref2
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref2
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref2
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref3
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref3
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref3
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref4
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref4
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref4
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref4
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref5
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref5
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref6
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref6
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref7
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref7
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt9XlU2UmkoS
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt9XlU2UmkoS
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref8
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref8
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref8
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref9
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref9
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref9
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref10
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref10
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref11
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref11
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt1GU3si6tuG
http://refhub.elsevier.com/S2352-8273(23)00262-8/opt1GU3si6tuG
https://scholar.google.com/scholar_lookup?title=Gender+and+power+Standford&amp;author=RW+Connell&amp;publication_year=1987&amp;
https://scholar.google.com/scholar_lookup?title=Gender+and+power+Standford&amp;author=RW+Connell&amp;publication_year=1987&amp;
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref13
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref13
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref14
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref14
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref14
https://link.springer.com/article/10.1007/s10900-019-00726-6
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref16
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref16
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref17
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref17
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref17
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref17
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref18
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref18
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref18
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref19
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref19
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref19
https://www.afro.who.int/sites/default/files/201710/ADOLESCENT%20HEALTH%20SERVICE%20POLICY%20%20AND%20STRATEGY.pdf
https://www.afro.who.int/sites/default/files/201710/ADOLESCENT%20HEALTH%20SERVICE%20POLICY%20%20AND%20STRATEGY.pdf
https://www.afro.who.int/sites/default/files/201710/ADOLESCENT%20HEALTH%20SERVICE%20POLICY%20%20AND%20STRATEGY.pdf
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref21
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref22
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref22
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref23
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref24
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref24
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref24
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref25
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref25
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref25
https://doi.org/10.1136/jfprhc-2012-100464
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref27
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref27
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref27
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref28
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref28
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref28
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref29
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref29
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref29
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref30
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref30
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref31
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref31
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref31
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref32
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref32
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref33
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref33
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref33
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref34
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref34
https://doi.org/10.1016/j.erss.2022.102854
https://doi.org/10.1016/j.erss.2022.102854
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref36
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref36
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref36
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref37
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref37
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref37
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref38
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref38
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref39
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref39
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref39
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref39
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref40
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref40
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref41
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref41
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref41
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref42
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref42
http://refhub.elsevier.com/S2352-8273(23)00262-8/optMceh8mXGof
http://refhub.elsevier.com/S2352-8273(23)00262-8/optMceh8mXGof
http://refhub.elsevier.com/S2352-8273(23)00262-8/optMceh8mXGof
http://refhub.elsevier.com/S2352-8273(23)00262-8/optMceh8mXGof
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref43
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref43


SSM - Population Health 25 (2024) 101597

8

low-income heterosexual african Americans: A qualitative study. Archives of Sexual 
Behavior, 41, 959–970. 

Nussbaumer, P., Bazilian, M., & Modi, V. (2012). Measuring energy poverty: Focusing on 
what matters. Renewable and Sustainable Energy Reviews, 16, 231–243. 

Nussbaumer, P., Nerini, F. F., Onyeji, I., & Howells, M. (2013). Global insights based on 
the multidimensional energy poverty index (MEPI). Sustainability, 5, 2060–2076. 

Okyere, M. A., Essel-Gaisey, F., Zuka, F. M., Christian, A. K., & Nunoo, I. K. (2023). 
Wading out the storm: Exploring the effect of flooding on energy poverty amidst 
disaster management strategies in Dar es Salaam. Environmental Science & Policy, 
150, Article 103578. 

Okyere, M. A., & Lin, B. (2023). Invisible among the vulnerable: A nuanced perspective 
of energy poverty at the intersection of gender and disability in South Africa. 
Humanit. Soc. Sci. Commun., 10, 1–14. 

Raiford, J. L., DiClemente, R. J., & Wingood, G. M. (2009). Effects of fear of abuse and 
possible STI acquisition on the sexual behavior of young African American women. 
American Journal of Public Health, 99, 1067–1071. 

Ramjee, G., & Daniels, B. (2013). Women and HIV in sub-Saharan Africa. AIDS Research 
and Therapy, 10, 1–9. 

Sampson, R. J., & Raudenbush, S. W. (2001). Disorder in urban neighborhoods–does it 
lead to crime? US department of justice. In Washington DC 2004 seeing disorder: 
Neighborhood stigma and the social construction of–broken windows‖. Soc. Psychol. Q. 
(Vol. 67, pp. 319–342). National Institute of Justice.  

Seth, P., Patel, S. N., Sales, J. M., DiClemente, R. J., Wingood, G. M., & Rose, E. S. (2011). 
The impact of depressive symptomatology on risky sexual behavior and sexual 
communication among African American female adolescents. Psychology Health & 
Medicine, 16, 346–356. 

Sieving, R. E., Eisenberg, M. E., Pettingell, S., & Skay, C. (2006). Friends’ influence on 
adolescents’ first sexual intercourse. Perspectives on Sexual and Reproductive Health, 
38, 13–19. 

Silas, J. (2013). Poverty and risky sexual behaviours: Evidence from Tanzania. ICF 
International. 

Spiegel, H. M., & Futterman, D. C. (2009). Adolescents and HIV: Prevention and clinical 
care. Current HIV, 6, 100–107. 

Thomson, H., Snell, C., & Bouzarovski, S. (2017). Health, well-being and energy poverty 
in europe: A comparative study of 32 European countries. International Journal of 
Environmental Research and Public Health, 14, 584. 

Torian, L., Chen, M., Rhodes, P., & Hall, H. I. (2011). HIV surveillance–United States, 
1981–2008. Morbidity & Mortality Weekly Report, 60, 689–693. 

Watkins, A. M., & Carson, D. C. (2021). Gang membership, gender, and sexual behavior 
in and outside a romantic relationship. Sociological Spectrum, 1–20. 

Weiser, S. D., Leiter, K., Bangsberg, D. R., Butler, L. M., Percy-de Korte, F., Hlanze, Z., 
Phaladze, N., Iacopino, V., & Heisler, M. (2007). Food insufficiency is associated 
with high-risk sexual behavior among women in Botswana and Swaziland. PLoS 
Medicine, 4, Article e260. 

Weiser, S. D., Leiter, K., Heisler, M., McFarland, W., Korte, F. P., DeMonner, S. M., 
Tlou, S., Phaladze, N., Iacopino, V., & Bangsberg, D. R. (2006). A population-based 
study on alcohol and high-risk sexual behaviors in Botswana. PLoS Medicine, 3, e392. 

Wilson, J. Q., & Kelling, G. L. (1982). Broken windows. The Atlantic Monthly, 249, 29–38. 
Wingood, G. M., & DiClemente, R. J. (2000). Applying a theoretical framework of gender 

and power to understand the exposures and risk factors for HIV among women. 
Health Education & Behavior, 27, 539–565. 

Zhang, Q., Appau, S., & Kodom, P. L. (2021). Energy poverty, children’s wellbeing and 
the mediating role of academic performance: Evidence from China. Energy 
Economics, 97, Article 105206. 

Zhao, X., Lynch, J. G., Jr., & Chen, Q. (2010). Reconsidering Baron and Kenny: Myths and 
truths about mediation analysis. Journal of Consumer Research, 37, 197–206. 

M.A. Okyere et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2352-8273(23)00262-8/sref43
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref43
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref44
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref44
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref45
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref45
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref46
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref46
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref46
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref46
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref47
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref47
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref47
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref48
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref48
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref48
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref49
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref49
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref50
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref50
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref50
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref50
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref51
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref51
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref51
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref51
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref52
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref52
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref52
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref53
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref53
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref54
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref54
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref55
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref55
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref55
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref56
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref56
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref57
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref57
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref58
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref58
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref58
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref58
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref59
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref59
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref59
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref60
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref61
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref61
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref61
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref62
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref62
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref62
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref63
http://refhub.elsevier.com/S2352-8273(23)00262-8/sref63

	Energy and vulnerability: Exploring the energy poverty-risky sexual behavior nexus among young women in Ghana
	1 Introduction
	2 Conceptual framework and hypotheses
	3 Why Ghana
	4 Methodology
	4.1 Data
	4.2 Measurement of key variables
	4.2.1 Risky sexual behavior
	4.2.2 Multidimensional energy poverty
	4.2.3 Covariates

	4.3 Estimation strategy

	5 Results and discussion
	5.1 Baseline results
	5.2 Robustness checks
	5.3 Heterogeneity analysis
	5.4 Mechanism

	6 Conclusion and policy implications
	Ethical approval
	Funding
	Ethical statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


