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Abstract

Primary healthcare systems worldwide suffer from major gaps in infrastructure and human

resources. One key infrastructure gap is access to reliable electricity, absence of which can

significantly affect the quantity and quality of healthcare services being delivered at rural pri-

mary health facilities. However, absence of granular empirical evidence is a barrier for quan-

titatively understanding the significance of electricity access as one of the determinants of

access to reliable primary healthcare. Using data from India’s District Level Household and

Facility Survey, we develop zero-inflated negative binomial models with co-variates and

state-level fixed effects to estimate the relationship between levels of electricity access and

the quantity of basic health services delivered at Primary Health Centers (PHCs). We find

that lack of electricity access is associated with a significant and large decrease in the num-

ber of deliveries (64 percent), number of in-patients (39 percent), and number of out-patients

(38 percent). We further find that lower level of electricity access at primary health centers is

disproportionately associated with adverse effects on women’s access to safe and quality

healthcare.

1. Introduction

United Nations SDG 3 on Health aspires to “achieve universal health coverage, including. . .

access to quality essential health-care services. . .for all” by 2030, while SDG 7 on Energy aspires

to “ensure universal access to affordable, reliable and modern energy services”. Achieving SDG 7

may even be fundamentally tied to achieving SDG 3: owing to its potential impacts on medical

services, health and safety, disease prevention and treatment, staff recruitment and retention,

and administration and logistics, reliable electricity availability is understood to be an enabler

of access to quality healthcare [1–3]. The focus of this paper is to explore that dependency

empirically in the context of primary healthcare in India.

Rural health centers in developing countries suffer from significant constraints with access-

ing reliable electricity. A 2013 multi-country study estimated that only a third of the surveyed

hospitals in sub-Saharan Africa had access to reliable electricity [4]. In another recent study,
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half of the primary health centers in India reported not having reliable electricity access [5].

Beyond these aggregate findings, however, evidence on the variation in healthcare delivery in

relation to electricity access is mostly anecdotal. A WHO report noted that a systematic litera-

ture review “did not identify a single study in which linking energy access and health outcomes
was the primary objective” [1]. Absence of empirical evidence is a barrier for understanding

the relative significance of electricity access as one of the determinants of access to reliable pri-

mary healthcare. SDG7’s goal of ensuring access to modern energy services to all includes

access to electricity as well as clean cooking services. Considerable research exists on the link-

ages between energy access and health outcomes at a household level, particularly on the

impact of clean cooking [6–8]. The WHO report and our analysis in this paper specifically

address the gap in literature on the linkages between energy access, particularly electricity

access, and health outcomes at health facilities.
Recent literature has focused on providing better descriptive understanding. An analysis of

health facilities in Senegal showed that half of the facilities did not have access to electricity [9].

A number of these facilities had medical equipment but no electricity to power them. A quali-

tative study of Malawian health facilities showed poor electricity access being associated with

irregular water supply, poor sterilization, and poor working conditions [10, 11]. Another

recent report provides a descriptive study of the availability of electricity at Primary Health

Centers (PHCs) in India [12]. Their preliminary findings show that a higher proportion of

PHCs which have regular electricity access are able to provide different health services, com-

pared to health centers without electricity access. The authors also show that higher proportion

of PHCs with regular electricity access had resident medical staff and critical medical equip-

ment compared to PHCs without electricity access. We use these preliminary findings as a

starting point for our analysis.

The unique contributions of this paper are: (1) drawing additional insights from descriptive

analysis and (2) developing an empirical model to quantitatively establish the linkages between

reliable electricity access and the delivery of primary healthcare. We study these linkages by

focusing on PHCs in India, which are the main points of comprehensive primary care in the

Indian public health system. India has a vast network of over 25,000 PHCs, which serve as the

first point of access for mother and childcare, immunization, in-patient and out-patient care,

emergency care, laboratory services, and sometimes basic surgical procedures. Reliable access

to electricity may be expected to play a significant role in the ability of PHCs to adequately per-

form these functions. To put this in context, as of 2019 there were still 795 PHCs (about 5 per-

cent of the total PHCs) without any electricity supply [13]. These PHCs without electricity

supply cumulatively served at least 24 million rural individuals, assuming each PHC served

30,000 individuals on average. In fact, the proportion of PHCs and sub-centers without elec-

tricity has not changed substantially since 2015 (see Fig A1 in S1 Appendix).

The analysis presented in this paper provides robust empirical evidence to the hypothesis

that lower levels of electricity access is associated with lower provision of health services and

with lower availability of medical staff and functional equipment at rural primary health cen-

ters. We further find that lower level of electricity access at PHCs is disproportionately associ-

ated with adverse effects on women’s access to safe and quality healthcare. These findings are

relevant not only to the last-mile public health infrastructure in India, but also to many other

parts of the developing world where unreliable electricity at public health facilities affects hun-

dreds of millions of poor and underserved communities. The rest of this paper is organized as

follows. We describe the data and the criteria for model specification in section 2. In section 3,

we present the descriptive analysis and inferences from the empirical models. We conclude

with a discussion in section 4.
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2. Data and methods

2.1. Data source and preparation

We use data from the fourth round of India’s District Level Household and Facility Survey

[14] conducted in 2012–13. DLHS-4 contains data from a nationally representative sample of

8540 Primary Health Centers (PHCs) from across India, from all states except Gujarat and

Jammu and Kashmir. These data include information on PHC characteristics, condition,

infrastructure, staff, and the health services delivered. The final sample contains 7805 PHCs,

which accounts for 32 percent of the total PHCs at the time of the survey. As of March 2012,

there were a total of 24049 PHCs in India. As of March 2018, the total number of PHCs was

only slightly higher at 25743 [15]. We also use pooled data from DLHS-3 and DLHS-4 to test

the robustness of our findings.

2.2. Model specification

The outcome variables of interest are the number of different types of health services delivered

at each PHC. Specifically, we look at the number of deliveries (childbirths) conducted, and the

average number of in-patients and out-patients treated at the PHC in the month prior to the

survey. The intermediate variables of interest are related to the equipment and staff at the

PHCs. The primary focal variable is the type of electricity access in the PHC. The survey con-

tained five responses to the type of electricity access available at the PHC–regular electricity,

occasional power cut, power cut in the summer, regular power cut, and no electricity. We

merged the middle three responses into a single category that we labeled irregular electricity.

This resulted in three categories for the electricity access variable used in our models: regular

electricity, irregular electricity, and no electricity. These categories are consistent with previous

research [12] and models using the original five categories do not change the substantive

results. These results are shown in Table A4 in S1 Appendix. Furthermore, the availability of a

functional electricity generator is also included as a secondary focal variable, since generators

are most commonly used as back-up sources of electricity.

All three outcome variables considered in our analysis are count variables and exhibit over-

dispersion, wherein the conditional variances (σ2) are much greater than the conditional

means (μ) (Table 1). Using over-dispersed count data as dependent variables in ordinary least

squares (OLS) models is known to produce biased and inefficient estimates, and instead the

use of negative binomial (NB) model is recommended [16–18]. Furthermore, the number of

deliveries and in-patients have a high number of zero values (Table 1), since PHCs without

labor rooms would typically not be conducting deliveries and they would not keep in-patients

if there are no beds in the facility. Therefore, for these two outcomes a zero-inflated negative

binomial (ZINB) model was used.

The model controls for other variables that are known to influence the volume of health ser-

vices delivered [16, 19, 20] analyzed here (Table 2). These covariates include the population

Table 1. Conditional means and variances for outcome variables, and model selection.

Regular Electricity Irregular Electricity No Electricity

Dependent Variable N N Zeros μ σ2 μ σ2 μ σ2 Model Choice

Deliveries 7805 2744 21 2596 12 761 9 1499 ZINB

In-Patient 4540 1887 56 18045 24 4209 22 6760 ZINB

Out-Patient 4782 68 1248 2523637 794 751311 694 974745 NB

Note: The sample size for In-Patient and Out-Patient outcome variables drop because of missing data for these two questions in the survey.

https://doi.org/10.1371/journal.pone.0252705.t001
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designated under the PHC’s service area, facility timings (whether open 24x7), the number of

beds, different types of staff and equipment available, and other infrastructure facilities (gov-

ernment building, building condition, labor room, water and toilet). Furthermore, since the

state governments in India have a substantial say in the organizations and functioning of their

public health systems, we expect there to be structural similarities among PHCs in each state

that may vary from state to state. Accordingly, we include state fixed effects in our models. In

total, we use 23 variables in our models. To test for potential multi-collinearity among these

variables, we computed the Variable Inflation Factors (VIFs) for all of our model specifications

and found that none of the variables had a high enough VIF to indicate significant multi-col-

linearity (analysis available in the code in S1 Replication materials).

2.3. Interaction effects

The WHO lists several potential causes that lead to deficiencies in a health system (Fig 1) [1].

While factors such as the availability of staff, equipment, alternate energy facilities (such as die-

sel generators), and facility timings impact the delivery of healthcare, adequate electricity

access can be an underlying precursor that also affects these factors. The direct and indirect

effects of electricity access are shown in Fig 2. For example, even if medical staff are available at

the health center, the lack of electricity access can reduce their ability to deliver care. The

hypothesis therefore is that poor electricity access has indirect effects on healthcare delivery,

Table 2. List of variables used in the empirical models.

Variable Type Variables

Outcome Number of Deliveries, In-Patients, Out-Patients

Primary Focal Variable

(FVP)

Electricity (regular electricity / irregular electricity / no electricity)

Secondary Focal Variable

(FVS)

Generator availability

Interaction Variables (IV) Staff availability (medical officer, lady medical officer, lady health visitor, nurse,

auxiliary nurse midwife, pharmacist), Equipment availability (radiant warmer,

autoclave, deep freezer, ice-lined refrigerator, centrifuge), Facility timings, medical

officer residence status

Control Variables (CV) Population served, Infrastructure (government building, water, toilet, beds)

State Fixed Effects (SFE) Dummy variables for each State

https://doi.org/10.1371/journal.pone.0252705.t002

Fig 1. Potential causes leading to deficiencies in the health system, exacerbated by poor energy access (adapted

from [1]).

https://doi.org/10.1371/journal.pone.0252705.g001

PLOS ONE Reduced health services at under-electrified primary healthcare facilities

PLOS ONE | https://doi.org/10.1371/journal.pone.0252705 June 4, 2021 4 / 18

https://doi.org/10.1371/journal.pone.0252705.t002
https://doi.org/10.1371/journal.pone.0252705.g001
https://doi.org/10.1371/journal.pone.0252705


through its interaction with other variables. These interactions have therefore been included in

the empirical models.

We test the robustness of our focal variable estimates in three ways. First, we check the

robustness with respect to model specification by analyzing three types of models. Model 1 is a

parsimonious model with only focus variables and the state fixed effects. Model 2 is an inter-

mediate model including state fixed effects and all co-variates without interaction effects.

Model 3 is a full model that includes covariates, interactions, and state fixed effects. Second, we

perform sensitivity analyses to check the robustness of the estimates to any outliers in the data.

Third, since our primary focal variable has three categories, we conduct three sub-sample

regressions to test the robustness of the estimates by considering two categories at a time.

The final model specifications are as follows. The unit of analysis is a PHC.

Model 1: Outcome = α0 + α1(FVP) + α2(FVS) + α3(SFE) + ε
Model 2: Outcome = β0 + β1(FVP) + β2(FVS) + β3(IV) + β4(CV) + β5(SFE) + ε
Model 3: Outcome = γ0 + γ1(FVP) + γ2(FVS) + γ3(FVP � FVS) + γ4(IV) + γ5(FVP � IV) +

γ6(CV) + γ7(SFE) + ε

2.4. Limitations

Assessing the causal pathways that determine the health outcomes of a population is challeng-

ing. Many community level and individual level factors influence how people access healthcare

care [21, 22]. The cross-sectional data from DLHS does not allow for including such commu-

nity level fixed effects in the model. Some influential variables that impact healthcare delivery,

such as the funding available to the PHC, are not available in the survey and therefore cannot

be included in the model, raising the concern of potential omitted variables in our models.

These data limitations may induce some bias in our estimates and preclude us from establish-

ing a direct causal link between electricity availability and healthcare delivery. However, we are

less concerned about endogeneity due to reverse causality in our focus variable. The electricity

variable in DLHS measures the availability of grid electricity at the PHCs. Historically, rural

electrification policies have prioritized villages with higher populations or villages with higher

agricultural activity (e.g., for energizing pump sets). More recent electrification efforts have

aimed for 100 percent village electrification, perhaps prioritizing villages closer to existing grid

lines and then extending to villages farther away. PHCs have usually gotten electrified as part

of this village electrification process. To our knowledge, though, there haven’t been any

Fig 2. Direct and indirect effects of electricity access on healthcare delivery.

https://doi.org/10.1371/journal.pone.0252705.g002
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targeted policy efforts that have systematically prioritized electrification of PHCs based on

healthcare demands. Thus, it is unlikely that a trend in increased healthcare demand influ-

enced an improvement in electricity availability at PHCs. On the other hand, it is much more

plausible that reliable electricity access (together with other factors) can trigger an improve-

ment in healthcare services. That said, it may be true that villages with higher populations

(which could relate to a greater number of people treated at the PHC) could have influenced

better electricity availability at the respective PHCs. Accordingly, we control for population in

all the models.

A second limitation of this study is the fact that the survey may not fully reflect the current

scenario in India. In the seven years that have elapsed since the last round of the DLHS survey

(2012–13), significant upgrades to the rural electrification infrastructure have been reported.

This has decreased the number of PHCs without electricity by 41 percent, from 1919 in 2012

[23] to 795 in 2019 [13]. However, the clear variation of electricity access observed in the

DLHS-4 dataset is actually an advantage for this particular analysis, since it allows us to test

how that variation is associated with the level of health services delivered. Thus, our analysis

offers insights regarding the fundamental connection between access to electricity and level of

health services. Given that globally the delivery of healthcare services to hundreds of millions

of households is still dependent on poor or no access to electricity, understanding this connec-

tion is important not just at the level of primary care in India, but also at more decentralized

levels of healthcare delivery in India as well as other parts of the developing world that con-

tinue to face similar challenges. Our findings assume particular significance in light of the

recent policy focus in India, as highlighted later in section 4.1.

3. Results

At the time of the survey, less than half of the PHCs had access to regular electricity. About 9.5

percent PHCs did not have access to any electricity at all, mostly concentrated in northern part

of the country (Fig 3). About 44 percent of the PHCs reported having irregular electricity, and

these were distributed across the country. The availability of essential medical equipment,

staff, and the average number of basic health services delivered across PHCs with different lev-

els of electricity access is presented in the following sections.

3.1. Relationship between electricity access and medical equipment

The Indian Public Health Standard [24] lays out the essential medical equipment that is neces-

sary to deliver quality healthcare. Increasingly, much of the essential medical equipment is

electricity dependent. We observe that more than 80 percent of the PHCs without electricity

also did not have access to basic functional medical and diagnostic equipment such as vaccine

refrigerators, deep freezers, radiant infant warmers, light microscopes, and centrifuges (Fig 4).

In comparison, amongst PHCs that did have regular electricity, at least half of them had access

to all of this equipment. The unavailability or dysfunctionality of essential medical equipment

subsequently hampers the quality and quantity of health services that can be delivered, espe-

cially in already resource constrained contexts. Furthermore, lack of basic amenities and func-

tional medical equipment are critical contributing factors to the rural healthcare workforce

crisis in India and other countries, where doctors trained in cities are often very reluctant to

serve rural postings [25].

3.2. Relationship between electricity access and medical staff

Ideally, a PHC is supposed to be staffed with a medical doctor, three nurses, a pharmacist, a

male health worker, a female health worker, auxiliary nurse-midwives (ANMs), and other
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Fig 3. Distribution of PHCs in India with different levels of electricity access at the time of survey. Map created by authors.Data source:DLHS-4. India state
boundaries are reprinted from https://github.com/datameet/maps/tree/master/States under a CC BY license, with permission from DataMeet India community, original
copyright 2021.

https://doi.org/10.1371/journal.pone.0252705.g003
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supporting staff [24]. Overall, the availability of medical officers, pharmacists, and ANMs was

relatively high for all PHCs, hovering around 65–75 percent (Fig 4). However, across all staff

categories, we find that the percentage of PHCs with at least one staff member available was

lower among PHCs with lower level of electricity access. We also find a stark difference in the

availability of other female staff at PHCs with electricity as compared to those without (20–

30% points lower). For example, we find that while 50 percent of the PHCs with regular (and

even irregular) electricity had at least one nurse available at the time of the survey, only 20 per-

cent of the PHCs without electricity had a nurse available. This shows evidence of a gendered

impact, whereby female medical staff availability is strongly associated with electricity access.

This would have direct implications for expecting mothers, as some estimates have found that

over 80 percent of the deliveries in the PHCs were in fact conducted by nurses [26].

Fig 4. (Top panel) percentage of primary health centers in which medical staff are available, (middle panel) percentage of primary health centers in which

functional medical equipment is available, and (bottom panel) average number of patients per month that were treated at the primary health centers, categorized

by level of electricity access. Error bars show the 95% confidence interval for each estimate.

https://doi.org/10.1371/journal.pone.0252705.g004
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3.3. Relationship between electricity access and healthcare delivery

Given lower equipment and staff availability at PHCs without electricity access, one would

expect to see lower levels of health services. The survey data reveal that the monthly number of

deliveries (childbirths) conducted, the number of inpatients, and the number of outpatients

were consistently lower in PHCs with lower levels of electricity access (Fig 4). For instance,

while 20 deliveries were conducted on an average in the month prior to the survey at PHCs

with regular electricity, those with no electricity and irregular electricity recorded 10–12 deliv-

eries per month on the average. Similarly, while PHCs with regular electricity treated 1250

out-patients per month on average, other PHCs treated an average of 700–800 patients per

month.

For reference, IPHS guidelines classify PHCs with a load of less than 20 deliveries per

month to be Type-A PHCs and those with more than 20 deliveries per month to be Type-B

PHCs that would be eligible for more resources [24]. The IPHS also mentions that a PHC

would at a minimum treat 960 out-patients per month. This is calculated as 40 patients per

medical doctor working 6 days in a month (4 weeks). This equates to 40�6�4 = 960 in-patients

per month for each medical doctor present at the PHC. We can therefore infer than while an

average PHC with regular electricity supply is able to meet the IPHS guidelines for a Type-B

PHC, an average PHC with lower level of electricity access falls short of the service delivery

standards. This trend of reduced service delivery and PHCs with poor electricity access is

expected for at least two reasons. First, lower staff and equipment availability would reduce the

health centers’ capacity to treat patients in a timely manner. Second, if there is a perception

among the village residents that the PHC has no electricity or very poor access, or that staff

absenteeism is high, they might choose other private facilities that might be more reliable,

thereby reducing the patient load at the PHC.

3.4. Statistical significance of observed impacts

The statistical significance of the associations reported in Sections 3.1–3.3 were tested using

zero-inflated negative binomial regression models for deliveries and in-patient outcomes and

negative binomial regression model for the out-patient outcome. The coefficients of the vari-

ables are reported as Incidence Rate Ratios (IRR). An IRR greater than 1 implies that an

increase in the independent variable is associated with an increase in the outcome variable and

vice versa.

We find that PHCs without electricity access are associated with 64 percent lower number

of deliveries and 38 percent lower number of out-patients treated as compared to PHCs with

regular electricity access (Table 3). The importance of having alternate electricity sources is

also evident in these models, which show that ceteris paribus the availability of (diesel) genera-

tors is associated with 22 and 25 percent higher number of in-patients and out-patients respec-

tively. These estimates are robust to model specification, as their direction and significance

remain the same in all three specifications.

Coefficients for all dependent variables for the full model specification (model 3) are shown

in Table A1 in S1 Appendix. Many of the interaction variables included in the specification in

model 3 are statistically significant, indicating that the focal variable coefficients in the parsi-

monious model 1 and intermediate model 2 specifications that do not account for the interac-

tions would be biased. Therefore, even though the estimates from all three model

specifications are broadly consistent, in the rest of the paper we focus our interpretation on the

model 3 specification, which accounts for interactions.

3.4.1. Outlier sensitivity analysis. With regards to the in-patient outcome variable, con-

trary to our expectation, in the full model specification we find that PHCs without electricity
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access are associated with 52 percent higher number of in-patients compared to PHCs with

regular electricity access. Furthermore, this estimate is not robust to model specification, as

the direction of significance reverses in the full model (model 3) compared to the parsimoni-

ous model (model 1). In order to further investigate the stability of this estimate, we conducted

an outlier sensitivity analysis by sequentially excluding PHCs above certain thresholds of in-

patient admission numbers (Table 4).

We find that the coefficients associated with electricity access for in-patient outcome vari-

able are quite sensitive to a small number of PHCs that reported relatively very high number of

in-patients seen at the facility. This is not surprising. Since zero inflated negative binomial data

Table 3. Incidence Rate Ratios (IRR) (exponentiated log-odds) for the focal variables in the regression models for three outcome variables of interest.

Dependent Variable Deliveries In-Patient Out-Patient

Model Zero-Inflated Negative Binomial Zero-Inflated Negative Binomial Negative Binomial

Model Type 1 2 3 1 2 3 1 2 3

Focal Variables

Irregular Electricity 1.08� 1.14��� 0.97 0.99 1.05 1.05 0.87��� 0.93��� 0.94

No Electricity 0.52��� 0.71��� 0.36��� 0.62���� 0.90 1.52� 0.61��� 0.80��� 0.62���

Generator 1.25��� 1.01 1.03 1.50��� 1.23��� 1.22�� 1.42��� 1.18��� 1.25���

Irregular Electricity: Generator 0.92 1.02 0.89��

No Electricity: Generator 2.10��� 1.78� 0.89

Control for Interactions No No Yes No No Yes No No Yes

Control for Covariates No Yes Yes No Yes Yes No Yes Yes

State Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 7,805 7,805 7,805 4,540 4,540 4,540 4,782 4,782 4,782

Log Likelihood -22,799 -22,460 -22,416 -14,594 -14,419 -14,397 -36,114 -35,854 -35,832

Note:

�p < 0.1

��p < 0.05

���p<0.01

https://doi.org/10.1371/journal.pone.0252705.t003

Table 4. Sensitivity analysis—Incidence Rate Ratios (IRR) (exponentiated log-odds) for the focal variables in the regression models for In-Patient outcome variable,

under different outlier threshold conditions.

Dependent Variable In-Patient (IP)

Condition No Limit IP<750 IP<500 IP<300 IP<250 IP<200 IP<150 IP<100 IP<50

Primary Focal Variables

Irregular Electricity 1.05 1.02 1.06 1.22 1.30�� 1.27� 1.21 1.09 1.21

No Electricity 1.52� 1.49� 1.48� 1.47� 0.56�� 0.56�� 0.61�� 0.79 0.86

Control for Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes

Control for Covariates Yes Yes Yes Yes Yes Yes Yes Yes Yes

State Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Percent of PHCs excluded 0 0.4 1.3 3.1 3.8 4.5 5.5 7.3 14.8

Observations 4,540 4,520 4,481 4,400 4,369 4,336 4,291 4,207 3,869

Log Likelihood -14,397 -14,205 -13,856 -13,219 -12,956 -12,703 -12,346 -11,655 -9,461

Note:

�p < 0.1

��p < 0.05

���p<0.01

https://doi.org/10.1371/journal.pone.0252705.t004
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contain large number of zeros and the data are highly skewed towards zero, these models can

be highly sensitive to the presence of extreme outliers in the data. Indeed, observations higher

than the high quartile Q3 by more than three times the interquartile range (IQR) are defined

as extreme outliers [27]. Based on this definition, in our sample PHCs with greater than 150

in-patient admissions can be considered as extreme outliers and thus may be justifiably

excluded from the model to avoid them from severely biasing the estimates. By the same logic,

any PHCs below this threshold (i.e., 150 in-patient admissions) would not be considered as

extreme outliers and therefore their removal from the sample may not be justified.

Interestingly, upon further inquiry we find an external reason that supports the exclusion of

part of these extreme outliers from our model. Specifically, when limiting the data to PHCs

below 150 in-patient admissions per month, we notice that compared to PHCs with regular

electricity access, PHCs without electricity access are associated with 39 percent lower number

of in-patients (highlighted in Table 4). This results in exclusion of 249 PHCs, which equates to

5.5 percent of the PHCs for which in-patient admission data are available. Further, 172 of

these 249 PHCs that reported greater than 150 inpatients were in the state of Bihar, and 16

more in the adjacent state of Uttar Pradesh. At the time of the survey, Bihar and Uttar Pradesh

were at the center of an acute encephalitis outbreak, resulting in 178 deaths in 2012 alone [28].

This might explain the unusually high number of in-patients admitted at several PHCs across

Bihar and the surrounding regions. Since these outbreaks were localized and did not systemat-

ically affect the entire state, these events may not be adequately captured by the state fixed

effects. We further notice in Table 4 that this coefficient is stable until the exclusion of PHCs

with 150 in-patient admissions, which corresponds to the extreme outlier definition.

To avoid biasing our estimates for the purpose of this analysis, we believe there is reason-

able justification for excluding the 249 PHCs with greater than 150 monthly in-patient admis-

sions from the data used in modeling the in-patient outcome variable. Corresponding to this

specification, PHCs without electricity access are associated with 39 percent lower number of

in-patients treated as compared to PHCs with regular electricity access. We conducted similar

analyses for the other two outcome variables (deliveries and out-patients) and found that the

estimates for PHCs without electricity are robust and not sensitive to outliers. Excluding the

outliers for these models did not substantially change the coefficient estimates and the find-

ings. These results are shown in Tables A2 and A3 in S1 Appendix.

3.4.2. Effect of interactions. The moderating effect of electricity access on the other vari-

ables can also be observed from the statistically significant interactions in the full model results

shown in Table A1 in S1 Appendix. Consider two specific examples. First—while the availabil-

ity of each additional lady health visitor was associated with 8 percent lower number of deliver-

ies, when there is no electricity availability of each additional lady health visitor was associated

with 13.5 percent higher number of deliveries. Interaction takes a multiplicative effect and the

calculation is as follows: coefficient of Lady Health Workers (0.08) x coefficient of No Electric-
ity: Lady Health Workers (1.69) = 0.135 = 13.5%. Refer to Appendix for coefficients. This sug-

gests that staffing adequate lady health workers especially in health centers without electricity

could enhance rural women’s access to delivery services. Second–while having a generator

does not seem to have a significant impact on the number of deliveries conducted overall,

when there is no electricity having a generator was associated with doubling in the number of

deliveries. This highlights the criticality of non-grid power sources in rural health facilities

with deficient access to grid power.

3.4.3. Sub-sample regressions. One surprising finding in the fully specified models for all

three outcome variables is the absence of any statistically significant difference in the outcomes

for PHCs with irregular electricity compared to those with regular electricity (Table 3). Having

unreliable (“irregular”) access to electricity is also expected, ex-ante, to affect the functioning
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of equipment and subsequently could lower the health services delivered at these PHCs. We

expected the coefficient on irregular electricity to be statistically significant even if more

muted compared to PHCs without any electricity, but we did not find this relationship.

Thus, in order to test the robustness of our estimates further, we conducted 3 sub-sample

regressions each with two categories of electricity access at a time (Table 5). For example, in

the first sub-sample regression, we exclude all PHCs which have “Irregular Electricity” and

estimate the coefficient for “No Electricity” with reference to PHCs with “Regular Electricity”

under the full model specification. In the other two sub-sample regressions, we similarly

exclude PHCs with “Regular Electricity” and “No Electricity” respectively and compare the

remaining two categories.

We found the results from the sub-sample regressions to be substantively consistent with

the overall model. PHCs without electricity are associated with substantially lower number of

deliveries and out-patients compared to PHCs with regular as well as irregular electricity.

However, we observe no statistically significant difference between PHCs with regular and

irregular electricity access. Even when we expand the analysis using the original five categories

for the level of electricity access, the only additional significant result vis-à-vis regular electric-

ity access is with regard to the number of out-patients at PHCs with regular power cuts (see

Table A4 in S1 Appendix). Overall, we do not find significant relationships with regard to the

PHCs with irregular electricity supply compared to those with a regular supply. This may be

related to the reliability of the irregular electricity categories in the electricity variable. For

example, in two PHCs experiencing the same quality of electricity supply, one respondent may

answer “occasional power cut” whereas the other may answer “regular power cut”, depending

on their relative contexts. This may introduce subjectivity in how the irregular electricity vari-

able is coded, potentially masking the significance of certain types of irregularity. Future stud-

ies can gather more accurate electricity reliability data complemented with qualitative studies

to offer a more nuanced understanding of the relationship between unreliable electricity access

and health service delivery.

3.4.4. District fixed effects. Our use of state fixed effects is motivated by a constitutional

provision of the Government of India, which grants states the legislative authority over matters

Table 5. Sub-sample regressions: Incidence Rate Ratios (IRR) (exponentiated log-odds) for the focal variables in the regression models for three outcome variables

of interest, tested with two categories at a time.

Dependent Variable Deliveries In-Patient Out-Patient

Model Zero-Inflated Zero-Inflated Negative Binomial

Negative Binomial Negative Binomial

Reference: Regular Electricity

No Electricity 0.31��� 1.69�� 0.64���

Reference: Irregular Electricity

No Electricity 0.45��� 1.10 0.70���

Reference: Regular Electricity

Irregular Electricity 0.93 1.07 0.93

Control for Interactions Yes Yes Yes

Control for Covariates Yes Yes Yes

State Fixed Effects Yes Yes Yes

Note:

�p < 0.1

��p < 0.05

���p<0.01

https://doi.org/10.1371/journal.pone.0252705.t005
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of public health. However, state fixed effects may not sufficiently account for the unobserved

spatial heterogeneity within the states, for example, as observed in the outlier sensitivity analy-

sis in section 3.4.1. We therefore compared the state fixed effect model to a district fixed effect

model. There are 536 districts in our data and the zero-inflated negative binomial models did

not converge because of such high-dimensional fixed effect. Instead, for deliveries and in-

patient outcomes we use OLS regressions to compare the two fixed effect models. We observe

that the district fixed effect models have a slightly higher explanatory power compared to the

state fixed effect models, as evident from the slight increase in the adjusted R2 values (Table 6).

However, more importantly, the focal coefficients for models of all three outcome variables are

robust to the type of fixed effect (state or district) specified. Specifically, the type of fixed effect

specified does not substantially alter the magnitude, direction, or significance of the focal coef-

ficients (Table 6).

3.4.5. Pooled data from DLHS-3 survey. The analysis presented in this paper is based on

the facility-level data from the fourth round of the District Level Household and Facility Sur-

vey (DLHS-4) conducted in 2012–13. While this survey has since been discontinued, facility-

level data was collected in only one previous round of the survey–DLHS-3 –in 2007–08. Had

the two surveys covered the same PHCs, the resulting panel data would have allowed for the

inclusion of PHC-level fixed effects, potentially enabling a stronger control of time-invariant

facility-level characteristics. However, DLHS-3 and DLHS-4 were based on different sampling

units and therefore survey different PHCs in each round. Still, pooling the data from both the

surveys to the extent possible can help further test the robustness of the estimates, while intro-

ducing a time fixed effect.

We therefore created a pooled dataset and analyzed the full model specification with two-

way fixed effects (Table 7). A stand-alone analysis for DLHS-3 data is also included. Consistent

with all the previous results, we observe that the coefficients for PHCs with no electricity are

robust to the dataset specification for the delivery and out-patient outcome variables. Further,

the analysis of DLHS-3 data shows that compared to PHCs with regular electricity, those with-

out electricity access were associated with 51 percent lower number of in-patient admissions,

Table 6. OLS estimates and Incidence Rate Ratio (IRR) (exponentiated log-odds) for the focal variables in the regression models with state and district fixed effects.

Dependent Variable Deliveries In-Patient Out-Patient

Model OLS OLS Negative Binomial

Fixed Effect Type State FE District FE State FE District FE State FE District FE

Focal Variables

Irregular Electricity 2.68 2.14 20.49��� # 10.47� # 0.94 0.97

No Electricity -15.51��� -17.46��� 16.75�� # 13.98� # 0.62��� 0.68���

Generator 1.84 1.86 7.71�� 5.89 1.25��� 1.23���

Control for Interactions Yes Yes Yes Yes Yes Yes

Control for Covariates Yes Yes Yes Yes Yes Yes

State Fixed Effects Yes No Yes No Yes No

District Fixed Effects No Yes No Yes No Yes

Adjusted R2 0.49 0.53 0.57 0.66 - -

Log Likelihood -35,832 -36,421

Notes:

�p < 0.1

��p < 0.05

���p<0.01
# The models for in-patient outcome in this table do not exclude the outliers (see section 3.4.1)

https://doi.org/10.1371/journal.pone.0252705.t006
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which is in line with our expectation. This finding lends further credence to the outlier sensi-

tivity analysis presented in section 3.4.1, and our hypothesis that localized outbreaks of

encephalitis in 2012 may have resulted in disproportionately higher in-patient admissions in

some of the PHCs as reported in DLHS-4. We also observe from the DLHS-3 model that com-

pared to PHCs with regular electricity, even PHCs with irregular electricity were associated

with 53 percent lower number of in-patient admissions, which is something we don’t observe

in the DLHS-4 model. As discussed in section 3.4.3, a more nuanced definition of irregular

electricity is needed to understand its association with healthcare delivery.

In summary, after controlling for a number of known factors including staff, equipment,

and other infrastructure, lack of electricity access is statistically associated with reduced levels

of healthcare services at primary health centers in India. The findings, particularly for deliver-

ies and out-patient outcome variables, are consistent and robust to model and data specifica-

tions. Furthermore, based on a series of robustness checks and sensitivity analyses we have

presented, we find that this main result also holds for in-patient outcomes.

4. Discussion

4.1. Energy and equitable access to healthcare

Equitable access to healthcare facilities depends on a number of supply and demand factors.

There are four key supply-side determinants–resource allocation, physical access, human

resources, and technology [29]. In addition to these factors, the quality of care delivered at

public health facilities also determines whether people will choose to access these facilities or

choose more expensive private options. In studies on supply-side determinants and the quality

of healthcare services, access to electricity is rarely discussed, or is mentioned in a limited con-

text of ensuring infrastructure availability. In reality, reliable electricity directly or indirectly

affects much of the supply-side and quality factors of healthcare delivery.

Table 7. Incidence Rate Ratios (IRR) (exponentiated log-odds) for the focal variables in the regression models with different dataset specifications.

Dependent Variable Deliveries In-Patient Out-Patient

Model Zero-Inflated Zero-Inflated Negative Binomial

Negative Binomial Negative Binomial

Dataset Type DLHS 3 only DLHS 4 only DLHS 3 & 4 DLHS 3 only DLHS 4 only DLHS 3 & 4 DLHS 3 only DLHS 4 only DLHS 3 & 4

Focal Variables

Irregular Electricity 0.76 0.97 1.00 0.47��� 1.05 0.92 0.88 0.94 0.95

No Electricity 0.33��� 0.36��� 0.58��� 0.49��� # 1.52�# 1.23 # 0.71��� 0.62��� 0.69���

Generator 0.94 1.03 1.00 1.13 1.22�� 1.18��� 0.99 1.25��� 1.14���

Control for Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes

Control for Covariates Yes Yes Yes Yes Yes Yes Yes Yes Yes

State Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Time Fixed Effect No No Yes No No Yes No No Yes

Observations 7,096 7,805 14,898 7,023 4,540 11,563 7,214 4,782 11,996

Log Likelihood -23,675 -22,416 -46,967 -22,090 -14,397 -36,763 -55,589 -35,832 -91,789

Notes:

�p < 0.1

��p < 0.05

���p<0.01
# The models for in-patient outcome in this table do not exclude the outliers (see section 3.4.1)

https://doi.org/10.1371/journal.pone.0252705.t007

PLOS ONE Reduced health services at under-electrified primary healthcare facilities

PLOS ONE | https://doi.org/10.1371/journal.pone.0252705 June 4, 2021 14 / 18

https://doi.org/10.1371/journal.pone.0252705.t007
https://doi.org/10.1371/journal.pone.0252705


The analysis presented in this paper provides new empirical evidence to the previously sup-

posed notions that lower levels of energy access is associated with lower provision of health

services and with lower availability of medical staff and functional equipment at rural primary

health centers. By clearly establishing that fundamental linkage empirically, this paper makes a

strong case for rural health system planners and government health departments to pay much

more attention to understanding and integrating reliable energy access as an enabler of more

equitable access to primary healthcare. For example, one of the key pillars of Ayushmaan Bha-
rat–the flagship health policy of the Government of India–is the development of Health Sub-

Centers as Health and Wellness Centers (HWCs). HWCs are envisioned to deliver more com-

prehensive care, shifting some of the functions downward from the PHCs [30]. As of 2019,

26.3 percent of the 149,590 rural Sub-Centers in India were without access to electricity [13].

These Sub-Centers cumulatively serve more than 200 million rural individuals, assuming each

sub-center serves 5,000 individuals. Given that the HWCs will be more decentralized and

spread out than PHCs, in view of the evidence provided in this paper it is imperative that reli-

able electricity access be considered an integral part of the strategy for developing HWCs.

These findings are also relevant to other parts of the developing world where unreliable elec-

tricity at public health facilities still affects hundreds of millions of poor and underserved

communities.

4.2. Gendered impacts

Studies on gender-based inequalities in healthcare have documented how women, especially

those associated with lower socio-economic status have experienced higher prevalence of mor-

bidity and have generally had lower levels of utilization of healthcare as compared to men [31].

Recent studies have also highlighted gender disparities in household energy use [32]. Findings

in this paper show how the lack of energy access at rural health centers further aggravates these

inequalities. Poor energy access significantly affects a mother’s ability and experience of safe

childbirth. In the empirical context of this paper, most of the deliveries happen in the evenings

or at night [33], and the lack of electricity access means providing even basic lighting for the

delivery becomes a challenge, let alone the ability to handle complications.

The substantially strong negative association of electricity deficit with the number of deliv-

eries indicates that poor electricity access is disproportionately associated with adverse health

services for women and newborns. In the absence of reliable public health facilities many

women resort to delivering at private facilities that are often farther away and more expensive,

further increasing their burden. In the absence of functional emergency care services at public

health facilities, expectant mothers with potential complications are driven to private health

facilities, where the chance of undergoing a caesarian section is three times more likely as com-

pared to public health facilities [34]. Furthermore, by directly or indirectly leading to poor liv-

ing and working conditions and poor safety, lower energy access acts as a barrier for attracting

and retaining female medical staff at the health centers, which in turn makes it more difficult

for women to access safe and timely care. Therefore, poor energy access disproportionately

affects women’s access to safe and quality healthcare. This provides yet another compelling

reason why bridging the energy gap is critical.

4.3. Decentralized renewable energy solutions

In addition to the mere availability of energy, the reliability of energy supply is also important

for providing timely and quality care. In most health centers, the reliability gap is bridged

using alternate power sources such as diesel generators and inverters. We have noted in our

analysis that electricity deficit PHCs with generators conducted twice as many deliveries
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compared to those without a generator. The importance of these alternate power sources in

improving the health services is therefore reinforced from our findings. However, the use of

diesel generators (DGs) at these rural health facilities presents its own set of challenges [11].

DGs pollute the local environment, produce a lot of noise which affects the care environment,

they break down regularly, repairs take time, and in remote centers, the very procurement and

storage of adequate quantities of fuel on a regular basis is a challenging task [35]. With a num-

ber of competing needs that demand the limited financial resources available to these health

centers, PHC managers (typically doctors) end up rationing and saving fuel for very critical

and emergency cases.

Alternatively, there are a number of innovative examples that leverage decentralized renew-

able energy technologies to improve service delivery at rural health centers. The use of decen-

tralized solar technologies to improve healthcare delivery has gained particular prominence

among practitioners globally. In India alone, over one thousand PHCs in states like Maharash-

tra, Chhattisgarh, Tripura and Karnataka have been solar powered through collaborations

between state and local governments and external agencies [36–38]. Preliminary evaluation

studies of decentralized renewable energy based solutions have shown that these interventions

do catalyze positive outcomes with regard to service availability (especially at night), day-to-

day operations, staff retention, and community satisfaction [5, 37, 39]. These studies further

show that other health system and implementation factors need to be aligned in order for the

energy interventions to sustain the positive health outcomes [39].

In light of the findings from this paper and given the urgency of SDG 3 and SDG 7, there is

a need to not only scale up these demonstrated models, but also improve the research and

development focus on developing new innovative models that leverage point-of-care technolo-

gies enabled by decentralized renewable energy to ensure more people in disadvantaged

regions have access to quality healthcare.

Supporting information

S1 Appendix.

(DOCX)

S1 Replication materials.

(ZIP)

Acknowledgments

The authors would like to thank Cale Reeves, Ariane Beck, Mark Hand, John Cornwell, Chan-

dler Stolp and two anonymous reviewers for helpful discussions and suggestions. We are also

thankful for the feedback from participants at the 2nd International Conference on Energy

Research and Social Science. All remaining errors are ours alone.

Author Contributions

Conceptualization: Vivek Shastry, Varun Rai.

Data curation: Vivek Shastry.

Formal analysis: Varun Rai.

Methodology: Vivek Shastry, Varun Rai.

Software: Vivek Shastry.

Supervision: Varun Rai.

PLOS ONE Reduced health services at under-electrified primary healthcare facilities

PLOS ONE | https://doi.org/10.1371/journal.pone.0252705 June 4, 2021 16 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252705.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252705.s002
https://doi.org/10.1371/journal.pone.0252705


Writing – original draft: Vivek Shastry.

Writing – review & editing: Varun Rai.

References
1. Bhatia M, Angelou N, Soni R, Portale E, Fletcher ER, Wilburn S, et al. Access to modern energy ser-

vices for health facilities in resource-constrained settings: a review of status, significance, challenges

and measurement. Switzerland: WHO and The World Bank; 2015.

2. Porcaro J, Mehta S, Shupler M, Kissel S, Pfeiffer M, Dora CFC, et al. Modern Energy Access and Health

[Internet]. World Bank; 2017 [cited 2018 Jun 21]. Available from: http://elibrary.worldbank.org/doi/book/

10.1596/26648.

3. Sovacool BK. The political economy of energy poverty: A review of key challenges. Energy Sustain

Dev. 2012; 16(3):272–82.

4. Adair-Rohani H, Zukor K, Bonjour S, Wilburn S, Kuesel AC, Hebert R, et al. Limited electricity access in

health facilities of sub-Saharan Africa: a systematic review of data on electricity access, sources, and

reliability. Glob Health Sci Pract. 2013 Aug 1; 1(2):249–61. https://doi.org/10.9745/GHSP-D-13-00037

PMID: 25276537

5. Ramji A, Patnaik S, Mani S, Dholakia HH. Powering Primary Healthcare through Solar in India: Lessons

from Chhattisgarh [Internet]. New Delhi: CEEW; 2017. Available from: https://www.ceew.in/sites/

default/files/CEEW-Powering-Primary-Healthcare-through-Solar-in-India-30Aug17_0.pdf.

6. Jeuland MA, Pattanayak SK. Benefits and Costs of Improved Cookstoves: Assessing the Implications

of Variability in Health, Forest and Climate Impacts. PLOS ONE. 2012 Feb 13; 7(2):e30338. https://doi.

org/10.1371/journal.pone.0030338 PMID: 22348005

7. Ezzati M, Baumgartner JC. Household energy and health: where next for research and practice? The

Lancet. 2017 Jan 14; 389(10065):130–2. https://doi.org/10.1016/S0140-6736(16)32506-5 PMID:

27939060

8. Smith KR, Mehta S, Maeusezahl-Feuz M. Indoor air pollution from household use of solid fuels. Comp

Quantif Health Risks Glob Reg Burd Dis Attrib Sel Major Risk Factors. 2004; 2:1435–93.

9. Ouedraogo NS, Schimanski C. Energy poverty in healthcare facilities: a “silent barrier” to improved

healthcare in sub-Saharan Africa. J Public Health Policy. 2018 Aug 1; 39(3):358–71. https://doi.org/10.

1057/s41271-018-0136-x PMID: 29950575

10. Suhlrie L, Bartram J, Burns J, Joca L, Tomaro J, Rehfuess E. The role of energy in health facilities: A

conceptual framework and complementary data assessment in Malawi. PLOS ONE. 2018 Jul 20; 13(7):

e0200261. https://doi.org/10.1371/journal.pone.0200261 PMID: 30028861

11. Reuland F, Behnke N, Cronk R, McCord R, Fisher M, Abebe L, et al. Energy access in Malawian health-

care facilities: consequences for health service delivery and environmental health conditions. Health

Policy Plan. 2020 Mar 1; 35(2):142–52. https://doi.org/10.1093/heapol/czz118 PMID: 31722372

12. Mani S, Patnaik S, Dholakia HH. State of Electricity Access for Primary Health Centres in India,—

Insights from the District Level Household and Facility Survey (DLHS-3 and DLHS-4) [Internet]. New

Delhi: CEEW; 2019 Feb [cited 2019 Oct 18]. Available from: https://www.ceew.in/sites/default/files/

CEEW-The-State-of-Electricity-Access-for-Primary_0.pdf.

13. MoHFW. Rural Health Statistics 2018–19. New Delhi: Ministry of Health & Family Welfare, Govern-

ment of India; 2019.

14. DLHS-4. District Level Household Survey-4. Mumbai; 2013.

15. Srivastava VK, Jain R, Gogoi N, Ramteke AH, Sharma R. Rural Health Statistics 2018. New Delhi:

Ministry of Health & Family Welfare, Government of India; 2018.

16. Kumar S, Dansereau E. Supply-Side Barriers to Maternity-Care in India: A Facility-Based Analysis.

PLOS ONE. 2014 Aug 5; 9(8):e103927. https://doi.org/10.1371/journal.pone.0103927 PMID:

25093729

17. Gardner W, Mulvey EP, Shaw EC. Regression analyses of counts and rates: Poisson, overdispersed

Poisson, and negative binomial models. Psychol Bull. 1995; 118(3):392–404. https://doi.org/10.1037/

0033-2909.118.3.392 PMID: 7501743

18. Coxe S, West SG, Aiken LS. The Analysis of Count Data: A Gentle Introduction to Poisson Regression

and Its Alternatives. J Pers Assess. 2009 Feb 17; 91(2):121–36. https://doi.org/10.1080/

00223890802634175 PMID: 19205933

19. Bajpai N, Goyal S. Primary Health Care in India: Coverage and Quality Issues. 2004 [cited 2019 Jun 9];

Available from: https://doi.org/10.7916/D8RF5T96

PLOS ONE Reduced health services at under-electrified primary healthcare facilities

PLOS ONE | https://doi.org/10.1371/journal.pone.0252705 June 4, 2021 17 / 18

http://elibrary.worldbank.org/doi/book/10.1596/26648
http://elibrary.worldbank.org/doi/book/10.1596/26648
https://doi.org/10.9745/GHSP-D-13-00037
http://www.ncbi.nlm.nih.gov/pubmed/25276537
https://www.ceew.in/sites/default/files/CEEW-Powering-Primary-Healthcare-through-Solar-in-India-30Aug17_0.pdf
https://www.ceew.in/sites/default/files/CEEW-Powering-Primary-Healthcare-through-Solar-in-India-30Aug17_0.pdf
https://doi.org/10.1371/journal.pone.0030338
https://doi.org/10.1371/journal.pone.0030338
http://www.ncbi.nlm.nih.gov/pubmed/22348005
https://doi.org/10.1016/S0140-6736%2816%2932506-5
http://www.ncbi.nlm.nih.gov/pubmed/27939060
https://doi.org/10.1057/s41271-018-0136-x
https://doi.org/10.1057/s41271-018-0136-x
http://www.ncbi.nlm.nih.gov/pubmed/29950575
https://doi.org/10.1371/journal.pone.0200261
http://www.ncbi.nlm.nih.gov/pubmed/30028861
https://doi.org/10.1093/heapol/czz118
http://www.ncbi.nlm.nih.gov/pubmed/31722372
https://www.ceew.in/sites/default/files/CEEW-The-State-of-Electricity-Access-for-Primary_0.pdf
https://www.ceew.in/sites/default/files/CEEW-The-State-of-Electricity-Access-for-Primary_0.pdf
https://doi.org/10.1371/journal.pone.0103927
http://www.ncbi.nlm.nih.gov/pubmed/25093729
https://doi.org/10.1037/0033-2909.118.3.392
https://doi.org/10.1037/0033-2909.118.3.392
http://www.ncbi.nlm.nih.gov/pubmed/7501743
https://doi.org/10.1080/00223890802634175
https://doi.org/10.1080/00223890802634175
http://www.ncbi.nlm.nih.gov/pubmed/19205933
https://doi.org/10.7916/D8RF5T96
https://doi.org/10.1371/journal.pone.0252705


20. Powell-Jackson T, Acharya A, Mills A. An Assessment of the Quality of Primary Health Care in India.

Econ Polit Wkly. 2013; 48(19):53–61.

21. Andersen R, Newman JF. Societal and Individual Determinants of Medical Care Utilization in the United

States. Milbank Q [Internet]. 2005 Dec [cited 2019 Jun 30];83(4). Available from: https://www.ncbi.nlm.

nih.gov/pmc/articles/PMC2690261/.

22. Oberoi S, Chaudhary N, Patnaik S, Singh A. Understanding health seeking behavior. J Fam Med Prim

Care. 2016; 5(2):463–4. https://doi.org/10.4103/2249-4863.192376 PMID: 27843863

23. MoHFW. Rural Health Statistics 2012–13. New Delhi: Ministry of Health & Family Welfare, Govern-

ment of India; 2013.

24. MoHFW. Indian Public Health Standards (IPHS): Guidelines for Primary Health Centres [Internet]. New

Delhi: Ministry of Health & Family Welfare, Government of India; 2012. Available from: https://nhm.gov.

in/images/pdf/guidelines/iphs/iphs-revised-guidlines-2012/primay-health-centres.pdf

25. Sharma DC. India still struggles with rural doctor shortages. The Lancet. 2015 Dec 12; 386

(10011):2381–2. https://doi.org/10.1016/S0140-6736(15)01231-3 PMID: 26700521

26. Kashyap SN. Factors Influencing the Performance of Primary Health Centres in Select Districts of North

Karnataka. BMJ Glob Health. 2016 Jun 1; 1(Suppl 1):A24–A24.

27. Yang J, Xie M, Goh TN. Outlier identification and robust parameter estimation in a zero-inflated Poisson

model. J Appl Stat. 2011 Feb 1; 38(2):421–30.

28. Narain JP, Dhariwal AC, MacIntyre CR. Acute encephalitis in India: An unfolding tragedy. Indian J Med

Res. 2017 May; 145(5):584–7. https://doi.org/10.4103/ijmr.IJMR_409_17 PMID: 28948947

29. Balarajan Y, Selvaraj S, Subramanian SV. Health care and equity in India. Lancet. 2011 Feb 5; 377

(9764):505–15. https://doi.org/10.1016/S0140-6736(10)61894-6 PMID: 21227492

30. Ved RR, Gupta G, Singh S. India’s health and wellness centres: realizing universal health coverage

through comprehensive primary health care. WHO South-East Asia J Public Health. 2019 Apr; 8(1):18–

20. https://doi.org/10.4103/2224-3151.255344 PMID: 30950425

31. Chidambaram P. Gender-Based Inequities in Health in India. In: Ravindran TKS, Gaitonde R, editors.

Health Inequities in India: A Synthesis of Recent Evidence. Springer; 2017.

32. Rosenberg M, Armanios DE, Aklin M, Jaramillo P. Evidence of gender inequality in energy use from a

mixed-methods study in India. Nat Sustain. 2020 Feb; 3(2):110–8.

33. Bhattacharyya S, Srivastava A, Saxena M, Gogoi M, Dwivedi P, Giessler K. Do women’s perspectives

of quality of care during childbirth match with those of providers? A qualitative study in Uttar Pradesh,

India. Glob Health Action. 2018 Jan 1; 11(1):1527971. https://doi.org/10.1080/16549716.2018.1527971

PMID: 30295161

34. Singh P, Hashmi G, Swain PK. High prevalence of cesarean section births in private sector health facili-

ties- analysis of district level household survey-4 (DLHS-4) of India. BMC Public Health. 2018 May 10;

18(1):613. https://doi.org/10.1186/s12889-018-5533-3 PMID: 29747609

35. Jimenez AC, Olson K. Renewable Energy for Rural Health Clinics. Colorado: NREL; 1998.

36. Chakrabarti B. Solar Powering of Government Health Establishments in Tripura. MNRE Akshay Urja

[Internet]. 2015; Available from: https://mnre.gov.in/file-manager/akshay-urja/november-december-

2015/EN/23-25.pdf.

37. Dutta S, Tandon S. Evaluation of Solar Hybrid Photo-voltaic System in Primary Health Centres in Maha-

rashtra [Internet]. UNIDO and UNICEF; 2016. Available from: http://www.nccmis.org/document/

UNICEF%20Solar%20PHC%20Report.pdf.

38. SELCO Foundation. Annual Report 2017–2018 [Internet]. Bangalore; 2019 [cited 2018 Aug 1]. Avail-

able from: http://www.selcofoundation.org/wp-content/uploads/2019/01/Annual-Report-17-18-merged.

pdf.

39. Javadi D, Ssempebwa J, Isunju JB, Yevoo L, Amu A, Nabiwemba E, et al. Implementation research on

sustainable electrification of rural primary care facilities in Ghana and Uganda. Health Policy Plan.

2020; 35(Supplement_2):ii124–36. https://doi.org/10.1093/heapol/czaa077 PMID: 33156941

PLOS ONE Reduced health services at under-electrified primary healthcare facilities

PLOS ONE | https://doi.org/10.1371/journal.pone.0252705 June 4, 2021 18 / 18

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690261/
https://doi.org/10.4103/2249-4863.192376
http://www.ncbi.nlm.nih.gov/pubmed/27843863
https://nhm.gov.in/images/pdf/guidelines/iphs/iphs-revised-guidlines-2012/primay-health-centres.pdf
https://nhm.gov.in/images/pdf/guidelines/iphs/iphs-revised-guidlines-2012/primay-health-centres.pdf
https://doi.org/10.1016/S0140-6736%2815%2901231-3
http://www.ncbi.nlm.nih.gov/pubmed/26700521
https://doi.org/10.4103/ijmr.IJMR%5F409%5F17
http://www.ncbi.nlm.nih.gov/pubmed/28948947
https://doi.org/10.1016/S0140-6736%2810%2961894-6
http://www.ncbi.nlm.nih.gov/pubmed/21227492
https://doi.org/10.4103/2224-3151.255344
http://www.ncbi.nlm.nih.gov/pubmed/30950425
https://doi.org/10.1080/16549716.2018.1527971
http://www.ncbi.nlm.nih.gov/pubmed/30295161
https://doi.org/10.1186/s12889-018-5533-3
http://www.ncbi.nlm.nih.gov/pubmed/29747609
https://mnre.gov.in/file-manager/akshay-urja/november-december-2015/EN/23-25.pdf
https://mnre.gov.in/file-manager/akshay-urja/november-december-2015/EN/23-25.pdf
http://www.nccmis.org/document/UNICEF%20Solar%20PHC%20Report.pdf
http://www.nccmis.org/document/UNICEF%20Solar%20PHC%20Report.pdf
http://www.selcofoundation.org/wp-content/uploads/2019/01/Annual-Report-17-18-merged.pdf
http://www.selcofoundation.org/wp-content/uploads/2019/01/Annual-Report-17-18-merged.pdf
https://doi.org/10.1093/heapol/czaa077
http://www.ncbi.nlm.nih.gov/pubmed/33156941
https://doi.org/10.1371/journal.pone.0252705

