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Key questions

What is already known?
 ► Electricity outages are frequent in many low/mid-
dle-income countries and have been shown to ad-
versely affect the operation of health facilities.

 ► Increasing the proportion of births that occur in a 
healthcare facility and that are attended by a skilled 
health professional is considered important in im-
proving maternal and newborn health outcomes.

What are the new findings?
 ► Our results demonstrate that the frequency of pow-
er outages is a significant predictor of both insti-
tutional deliveries and skilled birth attendance in 
Maharashtra State, India, while the duration of pow-
er outages is a significant predictor of skilled birth 
attendance.

 ► This translates to an almost 18% increase in home 
births in a typical month assuming the average num-
ber of electricity interruptions (8.5) occurs.

What do the new findings imply?
 ► The study findings suggest that improving electricity 
supply, specifically by reducing the frequency and 
duration of power outages, may result in increased 
rates of institutional deliveries and skilled birth at-
tendance, which may lead to improved maternal and 
neonatal health outcomes in the long run.

 ► Until reliable 24 hour power for all has been achieved, 
interventions to mitigate the impact of power outag-
es on maternal health service usage are needed.

AbsTrACT
Introduction Electricity outages are common in low/
middle-income countries and have been shown to 
adversely affect the operation of health facilities; however, 
little is known about the effect of outages on the utilisation 
of health services.
Methods Using data from the 2015–2016 India 
Demographic Health Survey, combined with information 
on electricity outages as reported by the state electricity 
provider, we explore the associations between outage 
duration and frequency and delivery in an institution, 
skilled birth attendance, and caesarean section delivery in 
Maharashtra State, India. We employ multivariable logistic 
regression, adjusting for individual and household-level 
covariates as well as month and district-level fixed effects.
results Power outage frequency was associated with a 
significantly lower odds of delivering in an institution (OR 
0.98; 95% CI 0.96 to 0.99), and the average number of 
8.5 electricity interruptions per month was found to yield 
a 2.08% lower likelihood of delivering in a facility, which 
translates to an almost 18% increase in home births. Both 
power outage frequency and duration were associated with 
a significantly lower odds of skilled birth attendance (OR 
0.97; 95% CI 0.95 to 0.99, and OR 0.99; 95% CI 0.992 to 
0.999, respectively), while neither power outage frequency 
nor duration was a significant predictor of caesarean 
section delivery.
Conclusion Power outage frequency and duration are 
important determinants of maternal health service usage 
in Maharashtra State, India. Improving electricity services 
may lead to improved maternal and newborn health 
outcomes.

InTroduCTIon
Access to electricity is necessary to promote 
economic development, and has been associ-
ated with a number of development outcomes, 
including increased rates of female labour 
participation,1 2 higher school enrolment3 4 
and improved health. Indeed, electrification 
rates have been found to be correlated with 
lower infant and maternal mortality across 
Indian districts,5 higher rates of immunisation 
and prenatal care in Pakistan6 and improved 
nutritional status in children in rural Bang-
ladesh.7 Given its importance, expanding 

access to electricity, particularly in rural areas, 
is a global priority, and ensuring ‘universal 
access to affordable, reliable, sustainable, and 
modern energy’ has been selected as target 
7 of the newly adopted Sustainable Develop-
ment Goals. Despite this, approximately 15% 
of the world’s population (almost 1.1 billion 
people) still did not have access to electricity 
as of 2016 (Energy Access Outlook, 2017), 
and almost one-quarter of these people live 
in India.

Unreliable electricity supply can severely 
impede health service provision, affecting 
both the operation of health facilities and 
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the quality of care received at these facilities. Power 
outages can cause interruptions in the use of essential 
medical and diagnostic devices, for instance, and may 
limit communication, both within healthcare organisa-
tions and between patients and healthcare providers.8 
Furthermore, unreliable electricity can make it difficult 
to provide lighting or to refrigerate vaccines and medi-
cations properly in healthcare centres, hindering even 
the most basic maternal delivery and emergency proce-
dures.9 10 Only a few studies have investigated the role of 
electricity in the demand and supply of health services. 
One study in Ghana, for instance, found that the risk 
of mortality increased by 43% on days in which facili-
ties experienced a power outage for 2 or more hours11; 
however, it is unclear how generalisable these findings 
are to other contexts.

A country of approximately 1.3 billion people, the 
demand for power in India exceeds the current supply and 
electricity outages are common events.12 In one notable 
event in July 2012, over 620 million Indians lost power in 
the largest grid failure in human history. Although the 
Prime Minister of India pledged over 160 billion rupees 
(US$2.5 billion) in 2017 to electrify every household in 
India by the end of 2018, and to give 24 hour power to all 
by March 2019,13 access to reliable electricity remains an 
important issue in Indian healthcare facilities, and power 
outages have been blamed for a number of high mortality 
incidents across the country, the majority of which were 
caused by the failure of life-sustaining equipment such as 
ventilators and incubators.14–16

In addition to direct harm caused to patients, there is 
also concern that the frequent power outages occurring 
across India may affect care-seeking behaviours, partic-
ularly among expectant mothers. Although India has 
shown substantial progress in improving maternal health 
outcomes over the past few decades, the country continues 
to see high numbers of maternal deaths each year, and 
the Indian government has thus made increasing the 
proportion of births that take place in health facilities a 
key priority.17 A number of determinants of institutional 
deliveries have been identified, both in India and inter-
nationally, and, in addition to factors such as mother’s 
age and education, urbanicity, socioeconomic status and 
birth order, include distance and travel time to a facility, 
and quality of care,18–20 all of which may be affected 
by power outages. Healthcare facilities experiencing 
electricity outages may provide lower quality services, 
for example, due to a lack of lighting or an inability to 
operate certain medical equipment, or may be less able to 
accommodate new patients, increasing a woman’s odds of 
being turned away. Power outages may also impact trans-
portation networks, limiting a woman’s ability to get to a 
healthcare facility, or may cause a woman to stay home 
in anticipation of reduced quality of services. Conversely, 
facilities that do have a generator may become a popular 
destination during electricity outages, resulting in an 
increase in the number of people seeking care and thus 
staff shortages and heightened wait times, or may lead to 

a woman travelling farther than usual in order to reach 
these facilities.

Despite these potential mechanisms, there has been 
little investigation in any international context into the 
association between electricity outages and the use of 
maternal health services. Given this gap, this study aims 
to quantify this effect using a population of women from 
Maharashtra, India; a state of 112 million people, in which 
power outages are common. Specifically, we assess the 
association between the frequency and duration of power 
outages in any given month and a woman’s likelihood of 
giving birth in a healthcare facility, as well as the likeli-
hood that the birth is attended by a skilled healthcare 
practitioner, and the likelihood that the delivery is via 
caesarean section. The results of this paper will provide 
greater insight into the role of electricity in maternal 
health service usage and may inform future strategies to 
improve maternal and neonatal health outcomes.

MeTHods
data source
The data analysed in this study come from the 2015–2016 
India Demographic Health Survey (DHS); a large, nation-
ally representative household survey of women of repro-
ductive age (15–49 years). Our sample was restricted to 
women residing in the state of Maharashtra, due to the 
availability of high-quality data on electricity outages 
within this state. The sample was trimmed to eliminate 
months at the beginning and end of the survey period, 
in which there were only a small number of live births 
(<100) per month. The final sample thus spans the time 
period August 2010 to May 2015.

Patient and public involvement
No patients were directly involved in this study.

Measures
Institutional delivery rates were measured using self-re-
ported data on the location of delivery of all live births 
within 5 years of the date of the survey. Response options 
included at home, at another person’s home, in a govern-
ment hospital or facility, in another public facility, in a 
private hospital or clinic, or in another private sector 
facility. For analyses, location of birth was considered 
a binary variable and was coded as a non-institutional 
delivery if the birth occurred at home or at another 
person’s home, and an institutional delivery if it occurred 
in a government hospital or another public facility, or in 
a private hospital or another private sector facility. Infor-
mation on whether or not the delivery was assisted by a 
skilled health professional, defined as a doctor, auxiliary 
nurse, or midwife (binary variable with response options 
yes and no), and whether or not a caesarean section was 
performed (binary variable with response options yes 
and no) was also collected and was used as outcome vari-
ables in secondary analyses.

Power outages were measured using electricity reliability 
data from the Maharashtra State Electricity Distribution 
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Company (MahaDiscom), India’s largest power distri-
bution utility, based on System Average Interruption 
Frequency Index (SAIFI) and System Average Duration 
Index (SADI) values, which describe the average number 
of and duration in minutes of sustained power interrup-
tions per consumer in a given time period, respectively. 
For analyses, both SAIFI and SADI indices were treated as 
continuous variables.

Additional data on both the mothers and the house-
holds included in the sample were extracted from the 
DHS. For mothers, this included age in years (contin-
uous), birth order of the child, which was considered a 
proxy for parity (continuous), and educational attain-
ment (ordinal categorical variable with categories uned-
ucated, at least some primary, at least some secondary 
and at least some tertiary). For households, this included 
urbanicity (binary categorical variable with categories 
urban and rural) and primary religion of the household 
(Hindu, Muslim, or other), which was included based 
on the findings of previous studies that suggest religious 
differences in the use of maternal health services. DHS 
calculated wealth indices for each household were also 
used to generate wealth quintiles for the state of Maha-
rashtra (ordinal categorical variable).

data analysis
Statistical analyses were conducted using R V.3.4.3. 
Descriptive statistics including means for continuous 
variables and percentages for categorical variables were 
calculated to describe the characteristics of the sample, 
as well as variations in the SAIFI and SAIDI power outage 
indices and in locations of delivery in Maharashtra over 
the survey period.

Multivariable binary logistic regression models were 
used to assess the relationship between the frequency 
and duration of power outages in any given month and 
delivery in a healthcare facility, controlling for individual 
and household-level covariates, and to determine which 
factors were most predictive of delivery in a facility. 
Secondary analyses using birth attendance by a skilled 
health professional and caesarean section delivery as the 
outcomes of interest were also performed. Subgroup 
analyses were used to further assess each relationship, in 
order to determine if power outages have different effects 
on maternal healthcare service use among different 
groups of the population. Specifically, each analysis was 
stratified by urbanicity, household electrification and 
socioeconomic status.

Additional analyses including multinomial logistic 
regression to determine whether power outage indices 
predict the odds of births occurring in public hospitals, 
private hospitals, or at home, logistic regression using 
extreme power outage frequency and duration, classified 
as a monthly power outage frequency or duration greater 
than the mean for the entire time period, as the predictor 
variables, logistic regression using whether or not the 
minimum recommended antenatal care visits were made 
as the outcome variable, and logistic regression using a 

restricted sample of each woman’s most recent birth only, 
were also conducted.

All models were adjusted for month and district-level 
fixed effects. Fixed effects for month were included 
to account for differences in both power outages and 
facility deliveries which may be due to events that are 
more common during certain months, such as extreme 
heat or other weather events, festivals and holidays. 
District-level dummy variables were included to account 
for any unobserved, district-specific characteristics, such 
as the number of healthcare facilities in the district, the 
availability of skilled healthcare professionals, the phys-
ical quality of the healthcare facilities and the local road 
network. A monthly linear time trend was also used to 
capture time-varying unobservable factors, such as overall 
adoption of new technologies, that could be correlated 
with the number of facility deliveries and electricity 
outages over the sample period. Multivariable regression 
was used to assess the effect of the power outage indices 
on several maternal characteristics including age at 
time of birth, education, wealth and place of residence, 
in order to rule out possible selection bias (see online 
supplementary appendix table 1). Bayesian generalised 
model estimation was employed in order to overcome 
perfect separation among non-electrified households. 
Unadjusted and adjusted estimates are presented. Boot-
strapped SEs were used to minimise the spatial correla-
tion between the error terms and 95% bootstrapped CIs 
are presented.

resulTs
Characteristics of the sample
Sample demographics and information on power outage 
frequency and duration are presented in table 1. In total, 
9125 births were reported within 5 years of the survey 
date. Mothers were an average of 25.95 years old at 
the time of the survey, and the majority, approximately 
67%, had at least some secondary education. About a 
third lived in an urban setting, and 93% had electricity 
at home. Just 37% of women reported that distance to a 
health facility was not a problem for them, while almost 
one-quarter perceived distance to be a major barrier to 
accessing healthcare. The sample was evenly distributed 
across the wealth quintiles (not shown). Hindu was the 
most common religion and made up three-quarters of 
the sample. The vast majority of deliveries, approximately 
89%, took place in a public or private health facility, 
compared with just 11% at home. Online supplementary 
appendix figure 1 demonstrates that the proportion of 
births in each location remained relatively stable over the 
study period, although a slight increase in public facility 
deliveries and slight decrease in home deliveries were 
observed overall. Correspondingly, 90% of births were 
attended by a skilled healthcare professional. About one 
in five deliveries were via caesarean section, and fewer 
than three-quarters of women obtained the recom-
mended four or more antenatal care visits for her most 
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Table 1 Characteristics of the sample

Mean/Percent Min Max Obs

Panel A. Electricity Distribution Data (Monthly)

Frequency Index (Mean±SD) 8.52±5.65 1.13 20.33 58

Duration Index (Mean±SD) 91.66±26.83 41.98 156.94 58

Extreme Frequency (Mean±SD) 0.46±0.50 0 1 58

Extreme Duration (Mean±SD) 0.47±0.50 0 1 58

Panel B. Demographic Health Survey, India, 2015–16 (Individual level)

Delivery Location (%)

Public 51.0% 0.0% 100.0% 4615

Private 38.0% 0.0% 100.0% 3518

Home 11.0% 0.0% 100.0% 992

Skilled Birth Attendance (%)

Yes 90.0% 0.0% 100.0% 8213

No 10.0% 0.0% 100.0% 912

Caesarean Section (%)

Yes 18.0% 0.0% 100.0% 1643

No 82.0% 0.0% 100.0% 7482

Antenatal Visits (%)

4+Visits 73.0% 0.0% 100.0% 5059

<4 Visits 27.0% 0.0% 100.0% 1871

Household Electricity (%)

Yes 93.0% 0.0% 100.0% 7879

No 7.0% 0.0% 100.0% 593

Urbanicity (%)

Urban 33.3% 0.0% 100.0% 3042

Rural 66.7% 0.0% 100.0% 6083

Mother’s Age (Mean±SD) 25.95±4.46 15 47 9125

Parity (Mean±SD) 1.90±1.04 1 11 9125

Mother’s Education (%)

Uneducated 11.0% 0.0% 100.0% 971

Primary 11.0% 0.0% 100.0% 1053

Secondary 67.0% 0.0% 100.0% 6096

Tertiary 11.0% 0.0% 100.0% 1005

Religion (%)

Hindu 75.0% 0.0% 100.0% 6823

Muslim 15.0% 0.0% 100.0% 1409

Other Religions 10.0% 0.0% 100.0% 893

Distance to Health Facility (%)

No problem 37.0% 0.0% 100.0% 3336

Not a big problem 40.0% 0.0% 100.0% 3679

Big problem 23.0% 0.0% 100.0% 2110

Frequency index: average number of sustained electricity interruptions per consumer per month.
Duration index: average duration in minutes of sustained electricity interruptions per consumer per month.
Extreme frequency: proportion of consumers experiencing higher than the average number of sustained electricity interruptions per month.
Extreme duration: proportion of consumers experiencing longer than the average duration of sustained electricity interruptions per month.
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Figure 1 Electricity in Indian health facilities. NA, not applicable.

recent delivery. On average, households experienced 
power outages about 8.5 times in any given month and 
these outages totalled to around 92 min/month.

electricity in Indian health facilities
Figure 1 presents data from the 2011–2012 India Human 
Development Survey, which collected information on 
health facilities, including generator ownership. Overall, 
the proportion of health facilities with no electricity 
decreased by 5% from 2005 to 2011, however 18% still 
did not have access to electricity in 2011 and the propor-
tion experiencing an outage almost every day increased. 
Similarly, the proportion of facilities without a gener-
ator decreased from 2005 to 2011 and a new category of 
facilities which used a generator as their main electricity 
source emerged. We were also able to evaluate monthly 
variations in the duration and frequency of power outages 
in Maharashtra State over the study period, the results 
of which are presented graphically in online supplemen-
tary appendix figure 2. A general downward trend in the 
frequency of electricity outages was observed between 
2010 and 2015, while the duration of outages appeared 
to increase overall, although seasonal variation was 
apparent for both indices, with the number of frequen-
cies peaking from May to October and the duration from 
June to October.

relationship between power outages and delivery in a 
healthcare facility
The relationship between a woman’s likelihood of deliv-
ering in a healthcare facility and the frequency and 
duration of power outages is evaluated in table 2, with 
the marginal effects at the mean presented in online 
supplementary appendix table 2. Overall, an increase 
in the frequency of power outages was associated with 
a significantly lower odds of delivering in a healthcare 
facility, and this was true in both unadjusted (column 3) 
and adjusted (column 6) analyses. Specifically, each addi-
tional power outage instance was associated with a 2.08% 
(OR 0.98; 95% CI 0.96 to 0.99) lower odds of delivering 
in an institution, adjusting for individual-level covariates 

and month and district fixed effects; approximately a 
17.68% lower odds if the mean of 8.5 monthly power 
outages occurs. In column 9, we also include household 
electrification status as a covariate in the model which 
leads to the outage frequency variable just failing to be 
a significant predictor of institutional delivery, though 
the effect size remains consistent. As electricity status is 
included in the calculation of the wealth index in the 
DHS, we suspect the inclusion of a potentially correlated 
variable may have affected our ability to find a significant 
effect, but we present these results to show that our effect 
size is consistent when this variable is included in the 
model.

In examining the effect of the duration of power 
outages on a woman’s likelihood of delivering in a health-
care facility, the relationship was less consistent. In crude 
analyses, for example, a significant positive association 
was observed, however after adjusting for individual and 
household characteristics and month and district fixed 
effects, there was an insignificant negative relationship, 
with each increase in the duration of power outages of 
1 min associated with a 0.20% (OR 0.99; 95% CI 0.99 to 
1.00) lower odds of delivering in an institution.

Table 3 explores these relationships among key 
subgroups of the population, namely by urbanicity, house-
hold electrification status, socioeconomic status and 
perception of distance to a facility. Negative but non-sig-
nificant associations between power outage frequency 
and delivering in a healthcare institution were observed 
for both urban and rural and low-wealth and high-wealth 
mothers, while among women who perceived distance to 
health facility as a major issue in accessing care, a statis-
tically significant reduction in the odds of institutional 
delivery of 3.9% (OR 0.96; 95% CI 0.93 to 0.99) was 
observed, adjusting for individual and household-level 
covariates and month and district fixed effects.

In examining the effect of power outage frequency 
on delivering in a healthcare institution in electri-
fied compared with non-electrified households, we 
found a statistically significant reduction in the odds of 
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Table 3 Effect of power outage indices on institutional delivery: subgroup analyses (log odds)

Rural 
Households

Urban 
Households

Electrified 
Households

Non-electrified 
Households

Low-wealth 
Households

High-wealth 
Households

Perceived 
distance to 
health facility as 
a major barrier

Frequency 
Index

−0.021 −0.027 −0.026* 0.008 −0.025 −0.049 −0.039*

(−0.045, 0.002) (−0.085, 0.03) (-0.05,–0.002) (−0.051, 0.069) (−0.055, 0.001) (−0.11, 0.018) (-0.076,–0.001)

Duration 
Index

−0.002 −0.002 −0.003 0.003 −0.001 −0.008 −0.002

(−0.007, 0.003) (−0.013, 0.01) (−0.007, 0.001) (−0.009, 0.017) (−0.006, 0.004) (−0.017, 0.006) (−0.01, 0.005)

Urban 0.461* 0.329 0.541* 0.657* 0.76*

(0.229, 0.708) (−0.426, 1.214) (0.187, 0.97) (0.21, 1.196) (0.28, 1.296)

Electrified: 
No 
electricity 
access

−0.210 −0.343 −0.368* 16.120* 0.040

(−0.461, 0.034) (−1.026, 0.404) (-0.629,–0.12) (15.32, 17.666) (−0.355, 0.463)

Linear 
Monthly 
Time Trend

0.017* 0.014 0.015* 0.024* 0.015* 0.015 0.018*

(0.01, 0.025) (−0.001, 0.034) (0.008, 0.022) (0.004, 0.047) (0.006, 0.024) (−0.001, 0.034) (0.007, 0.031)

Bootstrapped 95% CIs are reported in parentheses.
Included in most models but not shown in the tables are wealth index, mother’s education, mother’s age, parity, and religion. The full 
results are available from the authors upon request.
All columns include month and district-level dummy variables.
Columns 5 and 6 include a sample of respondents for the lowest and highest two wealth indices, respectively.
*Denotes statistical significance at the 5% level.

institutional delivery of 2.57% (OR 0.97; 95% CI 0.95 to 
0.99) for women who resided in electrified households, 
adjusting for individual and household-level covariates 
and month and district fixed effects, but a small, non-sig-
nificant positive association for women in non-electri-
fied households. This discrepancy could also explain 
why adjusting for household electrification nullified 
the relationship between power outage frequency and 
institutional delivery in the full sample analysis. Similar 
trends emerged when assessing power outage duration 
as the independent variable, with small and non-signifi-
cant negative effects observed for all subgroups, with the 
exception of women in non-electrified households, for 
whom there was again a small and non-significant posi-
tive relationship.

relationship between power outages and birth attendance by 
a skilled professional
The relationship between the likelihood that a birth is 
attended by a skilled healthcare professional and the 
frequency and duration of power outages was also investi-
gated and is presented in table 4. Both indices are signif-
icantly associated with a reduced odds of birth attend-
ance by a skilled professional in full sample analyses, 
with a 2.76% (OR 0.97; 95% CI 0.95 to 0.99) lower odds 
observed for each additional power outage instance and 
a 0.40% (OR 0.996; 95% CI 0.992 to 0.999) lower odds 
observed for each additional minute of outage duration, 

adjusting for individual and household-level covariates 
and month and district fixed effects. In subgroup anal-
yses, power outage frequency remained a statistically 
significant predictor of skilled birth attendance for urban 
women (OR 0.95; 95% CI 0.91 to 0.99), women residing 
in electrified households (OR 0.97; 95% CI 0.95 to 0.99) 
and women of high wealth (OR 0.96; 95% CI 0.91 to 
0.99), while power outage duration was significantly asso-
ciated with a reduced odds of skilled birth attendance 
for rural women (OR 0.995; 95% CI 0.990 to 0.999), and 
women residing in electrified households (OR 0.996; 
95% CI 0.991 to 0.999), adjusting for individual and 
household-level covariates and month and district fixed 
effects.

relationship between power outages and caesarean section 
delivery
The relationship between the likelihood of delivery via 
caesarean section and power outage frequency and dura-
tion is demonstrated in table 5. No statistically significant 
associations were observed between the power outage 
indices and caesarean section delivery in either the full 
sample or the subgroup analyses.

Additional analyses
The results of a series of additional analyses are presented 
in online supplementary appendix tables 3–6. Online 
supplementary appendix table 3 assesses the association 
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Table 4 Effect of power outage indices on skilled birth attendance (log odds)

Full Sample
Rural 
households

Urban 
households

Electrified 
households

Non-electrified 
households

Low-wealth 
households

High-wealth 
households

Frequency 
Index

−0.028* −0.018 −0.05* −0.031* 0.001 −0.022 −0.045*

(-0.05,–0.007) (−0.042, 0.008) (-0.095,–0.004) (-0.054,–0.01) (−0.059, 0.068) (−0.054, 0.004) (-0.089,–0.004)

Duration 
Index

−0.004* −0.005* −0.002 −0.004* −0.003 −0.005 −0.005

(−0.008, 0) (−0.01, 0) (−0.011, 0.006) (−0.009, 0) (−0.018, 0.009) (−0.01, 0) (−0.013, 0.004)

Urban 0.132 0.196 −0.577 0.435* 0.122

(−0.065, 0.332) (−0.021, 0.433) (−1.442, 0.188) (0.11, 0.819) (−0.258, 0.51)

Electrified: 
No electricity 
access

−0.263* −0.196 −0.911* −0.394* 15.237*

(-0.501,–0.019) (−0.469, 0.123) (-1.621,–0.242) (-0.65,–0.127) (14.661, 16.604)

Linear 
Monthly Time 
Trend

0.009* 0.013* −0.002 0.009* 0.013 0.013* −0.003

(0.002, 0.015) (0.005, 0.02) (−0.016, 0.013) (0.002, 0.015) (−0.005, 0.039) (0.005, 0.022) (−0.016, 0.012)

Observations 9125 6088 3037 8472 653 3647 3652

Bootstrapped 95% CIs are reported in parentheses.
Included in most models but not shown in the tables are wealth index, mother’s education, mother’s age, parity, and religion. The full 
results are available from the authors upon request.
All columns include month and district-level dummy variables.
Dependent variable takes a value 1 if a mother received assistance from a doctor, auxiliary nurse, midwife, or other health professional, 
and 0 otherwise.
*Denotes statistical significance at the 5% level.

Table 5 Effect of power outage indices on caesarean section delivery (log odds)

Full Sample
Rural 
houeholds

Urban 
households

Electrified 
households

Non-
electrified 
households

Low-wealth 
households

High-wealth 
households

Frequency 
Index

−0.002 0.009 −0.022 −0.002 −0.001 0.014 −0.009

(−0.018, 0.015) (−0.013, 0.032) (−0.046, 0.005) (−0.018, 0.015) (−0.123, 0.102) (−0.02, 0.047) (−0.033, 0.013)

Duration Index 0.0002 0.0004 −0.006 −0.0001 0.007 0.002 0.0001

(−0.003, 0.003) (−0.004, 0.006) (−0.005, 0.004) (−0.004, 0.003) (−0.014, 0.025) (−0.006, 0.009) (−0.004, 0.004)

Urban 0.226* 0.238* −0.831 0.186 0.354*

(0.072, 0.364) (0.106, 0.379) (−2.327, 0.335) (−0.241, 0.605) (0.181, 0.542)

Electrified: 
No electricity 
access

−0.240 −0.141 −0.476 −0.392* 0.208

(−0.6, 0.081) (−0.57, 0.239) (−1.479, 0.076) (-0.838,–0.042) (−0.928, 1.136)

Linear Monthly 
Time Trend

0.017* 0.018* 0.015* 0.017* 0.018 0.019* 0.016*

(0.012, 0.022) (0.012, 0.026) (0.008, 0.024) (0.012, 0.022) (−0.018, 0.063) (0.009, 0.031) (0.01, 0.024)

Observations 9125 6088 3037 8472 653 3647 3652

Bootstrapped 95% CIs are reported in parentheses.
Included in most models but not shown in the tables are wealth index, mother’s education, mother’s age, parity, and religion. The full 
results are available from the authors upon request.
All columns include month and district-level dummy variables.
*Denotes statistical significance at the 5% level.
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between power outage frequency and duration indices 
and whether a birth takes place in a public hospital, 
private hospital or at home. Using home delivery as the 
reference category, we found that a higher frequency of 
power outages was associated with a 2.27% lower odds of 
delivering in a private facility (OR 0.98; 95% CI 0.96 to 
0.99) and a 2.08% lower odds of delivering in a public 
facility (OR 0.98; 95% CI 0.96 to 0.99), controlling for 
covariates. In subgroup analyses, power outage frequency 
was significantly associated with a reduced odds of deliv-
ering in a public facility for rural women and a reduced 
odds of delivering in a private facility for low-wealth 
women.

Online supplementary appendix table 4 evaluates the 
effect of extreme power outages, which take a value of 1 
if the frequency and duration indices for a given month 
are greater than the average of each outage index, on 
institutional delivery. No significant associations were 
observed in full sample analyses, however subsample 
analyses reveal that extreme power outage frequency 
yields a 27.39% lower odds of delivering in a healthcare 
facility among low-wealth women (OR 0.73; 95% CI 0.53 
to 0.95), suggesting that the poor may be the most vulner-
able to extreme events.

Online supplementary appendix table 5 investigates 
the relationship between power outage frequency and 
duration indices and the likelihood of a woman attending 
four or more antenatal care visits. We found no statisti-
cally significant association in either full sample or subsa-
mple analyses.

Lastly, online supplementary appendix table 6 evalu-
ates the effect of the power outage frequency and dura-
tion indices on the likelihood of institutional delivery in 
a restricted sample, consisting only of each woman’s most 
recent birth. Overall, increased power outage frequency 
was associated with a 3.54% lower odds of delivering in a 
facility (OR 0.96; 95% CI 0.94 to 0.99), while increased 
power outage duration was associated with a 0.6% lower 
odds (OR 0.994; 95% CI 0.988 to 0.999). In subsample 
analyses, both power outage frequency and duration 
remained significant predictors of institutional delivery 
among women from electrified households, while in 
rural households, low-wealth households and high-wealth 
households, power outage frequency was significantly 
negatively associated with institutional delivery.

dIsCussIon
This study investigated the impact of power on rates of 
healthcare facility delivery in Maharashtra State, India, as 
well as on skilled birth attendance and caesarean section 
delivery. Using data from the 2015–2016 India DHS, we 
found that, controlling for other previously identified 
determinants, including urbanicity, household wealth, 
maternal education, age, parity and religion, electricity 
interruptions were associated with a statistically signifi-
cant reduction in a woman’s likelihood of giving birth 
in a healthcare institution. Specifically, each additional 

electricity interruption was found to yield a 2.08% lower 
likelihood of delivering in a facility, which translates to 
an almost 18% increase in home births per month if the 
average number of 8.5 power outages occurs. These find-
ings are in line with the results of previous studies, such 
as that by Ghosh,21 who identified a positive association 
between maternal health services use and an index of 
development indicators which included access to elec-
tricity. Interestingly, power outage duration was not a 
significant predictor of institutional delivery in either 
full or subsample analyses. We speculate that these find-
ings may be consistent of evidence that power outages 
directly affect women’s decision to seek care: a woman 
may decide to stay home if there is an outage but without 
any knowledge of how long the power outage will last.

Along with reduced odds of delivering in a facility, our 
results demonstrated a significant association between 
both more frequent and longer power outages and 
a reduced likelihood of a skilled health professional 
attending the birth in full sample analyses. In subsa-
mple analyses, the effect of power outage frequency was 
stronger in urban women, women from electrified house-
holds and women of higher wealth status, while the effect 
of power outage duration yielded greater reductions 
in the odds of skilled birth attendance in rural women, 
and women from electrified households. These discrep-
ancies may indicate that, even among those who are 
better able to access healthcare, due either to physical 
proximity or increased financial resources, the quality 
of care received may be reduced during a power outage. 
For example, personnel shortages during a blackout may 
result in some women delivering without a healthcare 
professional in attendance even within a facility, while 
power outages may make it more difficult for a woman to 
communicate with health professionals, preventing them 
from attending home deliveries.

Importantly, we did not observe any significant associa-
tion between electricity interruptions and the likelihood 
of a caesarean section delivery. This lack of a statisti-
cally significant relationship may be due to the fact that 
caesarean sections are generally emergency procedures 
that require specialised health professionals and medical 
equipment and must therefore be performed in a health-
care facility, which may be more likely to own a generator. 
Indeed, rates of caesarean section are relatively modest 
overall, accounting for approximately 18% of births in 
our sample, and thus the majority of these procedures 
are likely non-elective, and are therefore given priority 
within a healthcare facility, even during a blackout.

Implications for policy and practice
This study highlights the importance of electricity in the 
use of maternal health services in India and suggests that 
improving the reliability of the supply may be an effective 
strategy for increasing the proportion of births that occur 
in a healthcare facility or are assisted by a skilled health 
professional in Maharashtra State, India. Given the link 
between institutional delivery, skilled birth attendance 
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and maternal and neonatal mortality rates,22 23 this 
finding is important and reflects the need to develop 
programmes and policies that aim to improve the quality 
of electricity in India. Such efforts could take the form 
of increased financial investments in power, and Prime 
Minister Narendra Modi’s recent commitment to give 24 
hour power to all by March 201913 is a promising start. 
Additionally, programmes that attempt to reduce the 
impact of electricity interruptions on maternal health 
service usage may be an important short-term strategy, 
and could include supplying facilities with additional 
generators or implementing mobile clinics, which would 
allow women to receive the care they need even when they 
are not able to deliver in an institution, for example, due 
to a power outage. Mobile clinics already exist in some 
low/middle-income countries such as in Tanzania, where 
they have been found to improve coverage of maternal 
and child health services to underserved populations,24 
and are now being implemented in India. Expanding 
the presence of trained midwives in low/middle-income 
countries may also prove effective at increasing skilled 
birth attendance, particularly in rural areas where health-
care facilities are often few and far between. Increased 
midwife availability would reduce the need for women 
to travel to give birth during a power outage, and 
would eliminate any concerns about the quality of care 
received. Indeed, there is evidence to suggest that attend-
ance at delivery by trained midwives can reduce maternal 
mortality in resource-poor settings,25 and the WHO 
has thus promoted midwifery as essential in improving 
maternal and infant health outcomes in low/middle-in-
come countries.26 Despite this evidence, the Govern-
ment of India has not invested substantially in midwifery 
training,27 and there is thus a shortage of midwives in the 
country, with only about 2.4 nurses and nurse-midwives 
per 10 000 people, the majority of whom remain concen-
trated in urban centres.28 Improving access to midwives 
would therefore result in positive outcomes, both in 
times of electricity interruptions and not.

limitations
This study is not without limitations. First, although the 
availability of high-quality power outage data made Maha-
rashtra State a suitable setting in which to conduct this 
study, it may not be representative of the country of India 
as a whole, or of other low-income countries in which elec-
tricity interruptions may be an issue. Indeed, Maharashtra 
State has high rates of electrification relative to the national 
average, and comparatively good maternal and child health 
indicators. While we do not have data for other states, it is 
probable that these areas also experience power outages, 
likely at higher rates than the relatively well-off Mahar-
ashtra State, and that they have even lower rates of insti-
tutional delivery. Therefore, it can be assumed that power 
outages are also an important determinant of delivering in 
a healthcare facility in these other states, and may in fact 
be an even greater impediment. Furthermore, our meas-
ures of power outages are weighted state averages for all 

mothers, regardless of their connection to the electricity 
grid and place of residence, and not all are likely to be 
affected in the same way. We also do not have data on the 
exact date of each birth, nor the exact date of the power 
outages. While more precise data would likely have allowed 
us to make more precise estimates of the impact of outages 
on delivery rates, we do not believe it substantially biased 
our results. Finally, we do not have data on whether or not 
each health facility or household owned a generator. Such 
information may have potentially allowed for a deeper 
understanding of the mechanisms behind the aggregate 
effect that is measured in this study.

ConClusIon
In this study of women in Maharashtra State, India, we 
provided new evidence of an association between elec-
tricity interruptions and maternal health service usage. 
Specifically, we found that more frequent power outages 
predicted a reduced odds of delivery in a healthcare facility 
for women from electrified households, while longer 
and more frequent power outages were associated with a 
reduced odds of birth attendance by a skilled professional. 
Given the importance of these outcomes in order to reduce 
maternal and neonatal mortality rates, our results reflect 
the need to reduce the frequency and duration of power 
outages in India and throughout the developing world. In 
the meantime, future research should focus on developing 
practices and policies to lessen the effects of these electricity 
interruptions on maternal health services so that adverse 
health impacts on women and babies are minimised.
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