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Abstract

Background Limited healthcare resources in low- and

middle-income countries (LMICs) have led policy-makers

to improve healthcare efficiency. Therefore, it is essential

to understand how efficiency has been measured in the

LMIC setting.

Objective This paper reviews methodologies used for

efficiency studies in health facilities in LMICs.

Methods We searched MEDLINE, Embase, Global Health,

EconLit and ProQuest Dissertations and Theses databases

to Week 6 in 2018. We included all types of quantitative

analysis studies relating to the measurement of the effi-

ciency of services at health facilities in LMICs. We

extracted data from eligible studies, and assessed the

validity for each study. Because of the substantial hetero-

geneity of the studies, results were presented narratively.

Results A total of 137 papers were eligible for inclusion.

These articles covered a wide range of health facility types,

with more than half of the studies relating to hospitals. Our

systematic review showed that there is an increasing trend

in efficiency measurements in LMICs using various

methods. Most studies employed data envelopment analy-

sis as an efficiency measurement method. The studies

typically included physical inputs and health services as

outputs. Sixty-one percent of the studies analysed the

contextual variables of the health facility efficiency.

Conclusion This review highlights the potential for

methodological improvement and policy impacts in effi-

ciency measurements.

Key Points for Decision Makers

There is no consensus of the most appropriate

technique to measure efficiency in low- and middle-

income countries; most of the existing studies rely on

ratio analysis and data envelopment analysis.

Potential policy strategies to improve efficiency

include on the supply side: labour and capital

optimisation, and improving quality of services; and

on the demand side: reducing financial and physical

barriers, and changing health behaviours.

1 Introduction

Improving the efficiency of resource use is important in

most health systems. It is an issue that is particularly acute

in low- and middle-income countries (LMICs) faced by

limited financing (LMICs spend US$266 on health

expenditure per capita while high-income countries (HICs)

spend US$5251 [1]) and pressure on services from a double
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disease burden and weak health system infrastructure

[2, 3]. Between 1995 and 2014, annual spending in LMICs

increased by an average of 10% per annum, placing huge

pressure on limited resources [4].

Promoting efficiency is important for LMICs to ensure

that resources are targeted to promote the goal of uni-

versal health coverage (UHC). Efficiency matters in both

private and public sectors since limited public sector

capacity in LMICs means that the private sector has an

important role to play in achieving UHC [5, 6]. Similarly,

improving efficiency in both secondary and primary care

can enhance the overall ability of the system to improve

population health. Hospitals are often relatively well

resourced but inefficiently utilised with, for example, bed-

occupancy rates that are well below the 85% recom-

mended by the World Health Organisation (WHO) [7].

Primary care as the system entry point should provide

services for most healthcare needs and control access to

specialist services, contributing to improved system effi-

ciency [8–10]; however, in practice, lack of resources and

weak management may lead to low utilisation and

bypassing.

Most studies on the efficiency of health facilities have

been performed in HIC settings. Applying efficiency

measurement in LMICs often requires a modification from

the methods that are used in HIC settings. In HIC settings,

inefficiency is sometimes presented as variations in per-

formance resulting from excessive use of inputs to deliver

services [7, 11]. However, in LMICs, inefficiency arises

from the shortage, weak management and poor distribution

of resources [12].

The primary objective of this study is to highlight what

is known about efficiency methodologies in health facilities

in LMICs. The focus is on technical efficiency defined as

the ability for a health facility to use the minimum amount

of input to produce a given level of output or to obtain a

maximum amount of outputs from the available input

[13, 14].

A variety of different techniques have been utilised to

measure technical efficiency. Bitran [15] categorised them

as ratio analysis, econometric estimation, stochastic fron-

tier analysis and data envelopment analysis. Although a

number of literature reviews of efficiency techniques have

been undertaken in HIC settings [16–20], we found a single

review in LMICs, which focused in Iranian hospitals [21].

To the best of our knowledge, this review is the first to

examine the efficiency methodologies of health facilities

across LMICs. The review informs the conduct of future

efficiency studies across the health system and also pro-

vides evidence for policy makers in LMICs to guide effi-

ciency-related decisions.

2 Methods

2.1 Search Strategy

A review of five literature databases was performed along

with a manual search of published articles within reference

lists and covered publications up to Week 6 in 2018. No

time limit was imposed because we wished to capture the

entire landscape of efficiency studies.

The first author (FH) searched the following databases:

MEDLINE (Ovid), Embase Classic ? Embase (Ovid),

Global Health (Ovid), EconLit (EBSCOhost) and also grey

literature using ProQuest Dissertations and Theses. The

searches were designed to identify efficiency studies of

health facilities in LMICs by combining the search con-

cepts of ‘efficiency’, ‘health facilities’ and ‘low- and

middle-income countries’. The search strategies suggested

by Dudley and Garner [22] for ‘low- and middle-income

countries’ were adopted in this review. The full search

strategies and keywords that were used are presented in

Online Resource 1 (see electronic supplementary material

[ESM]).

2.2 Inclusion Criteria

To be eligible for inclusion, studies that measured effi-

ciency, productivity or performance as a means of com-

paring services between health facilities were included.

The unit of study is a health facility such as hospital, pri-

mary health care facility, or home nursing setting in both

the public and private sectors. All types of quantitative

analysis studies with empirical information relating to the

measurement of the efficiency of services at the health

facility level were considered. Because our aim is to focus

on LMICs, we excluded studies conducted in HICs as

defined by the World Bank (countries with a per-capita

income of US$12,616 or more [23]). In addition, studies in

languages other than English were excluded.

2.3 Data Collection and Analysis

FH reviewed all the titles and abstracts retrieved by the

electronic searches using a reference management database

(EndNote) and removed any duplicates. The titles and

abstracts were screened on the basis of inclusion and

exclusion criteria and full-text copies of the included

studies were downloaded and assessed. Once the included

studies were identified, the data were extracted using a

form developed for this purpose. Difficult studies were

discussed between the three co-authors. Some articles were

manually identified by the co-authors independently of the

searching process. For each study, the following items were

F. Hafidz et al.



extracted: the aim, country, geographic region according to

the World Bank groupings, type of health facilities, sample

size, year, method, orientation, input variable(s), output

variable(s), contextual variable(s), outcomes and limita-

tions. Because the included studies were too heterogeneous

to conduct a meta-analysis, a narrative synthesis was

conducted [24]. Information from the studies was grouped

according to the study characteristics and then examined in

a tabulated summary.

2.4 Validity of Studies

FH assessed the methodological validity using a validity

tool adapted from an instrument used in a published sys-

tematic review of hospitals [25]. The validity tool included

thirteen items related to the sample, indicators and statis-

tical methods (Table 5 in Online Resource 2, see ESM).

Each item was given 1 point if the answer was ‘Yes’, and 0

points for ‘No’, yielding a score ranging from 0 to 13 for

each study. Studies that scored\ 6 points were considered

to have low validity, 6–8 medium validity and C 9 high

validity.

2.5 Measurement Techniques

Ratio analysis (RA) has been used to measure the effi-

ciency by comparing either input to output ratios (RA of

technical efficiency) or the cost of input to output ratios

(RA of economic efficiency) [15]. RA is typically limited

to one input (e.g. beds) and one output (e.g. bed-days).

However, it is also possible to perform ratio analyses

across a range of inputs simultaneously [26].

Unlike RA, parametric techniques estimate relationships

between one dependent variable and multiple independent

variables of inputs or outputs based on a specific functional

form [27]. In this review, we divided parametric methods

into econometric estimation (EE) and stochastic frontier

analysis (SFA). EE estimates the technical efficiency or

economic efficiency using ordinary least square regression

between inputs and outputs. Production function models

diagnose factors that are significantly associated with the

level of the outputs, and cost function models identify

factors that determine the cost [28, 29]. These average

response models evaluate the inefficiency component with

a random error [30].

SFA estimates a best-practice frontier using least-

squares method and decomposes the error into two com-

ponents, a random noise (unobserved heterogeneity) and a

true inefficiency component [27, 31]. SFA is preferred over

ordinary least square or deterministic regressions because

SFA can better address noise present in the data. However,

SFA requires assumptions about the functional form and

error distribution and is vulnerable to small sample sizes

[14].

Data envelopment analysis (DEA) uses mathematical

programming to construct a frontier line from the data

without requiring the specification of a functional or dis-

tributional form. DEA identifies health facility perfor-

mance by benchmarking them to fully efficient health

facilities lying at the frontier. However, it does not

accommodate error, outliers, or noise measurement. DEA

can also be used to analyse longitudinal data by estimating

the Malmquist productivity index. This index measures the

change in total productivity levels between the base and

current periods with respect to either constant returns to

scale (CRS) or variable returns to scale (VRS) using the

distance function. CRS is applied when the providers can

be operating at an optimal scale where the output changes

proportionally to the inputs while VRS accommodates

more flexible returns to scale [27].

2.6 Input and Output Variables

In the efficiency measurement, there are no best practice

methods regarding input and output variables that should

be used.

At present, there are two opposing views regarding

outputs to be used to evaluate health care. First, because

health is the ultimate outcome, any activities should be

evaluated as changes produced in health [32]. This mea-

surement could be misleading because the changes in

health might not reflect the amount of care provided. The

other view evaluates health care using the intermediate

outputs measured in health facilities [32]. Intermediate

outputs can be separated into two primary groups, namely

activity indicators (e.g. the amount of care provided), and

financial outputs (e.g. health facilities revenue)

[25, 33, 34]. This review will regard both types of outputs

as valid, albeit imperfect measures of performance.

Inputs can be measured as physical or financial inputs.

Physical inputs such as labour and capital have the

advantages of their ease of calculation and comparability,

although they have the disadvantage of not always being

able to capture monetary aspects such as hospital capital or

total expenses [25]. On the other hand, financial inputs will

answer questions about whether the output could be pro-

duced less expensively through a more efficient use or

substitution of costly inputs [35]. However, financial inputs

do not easily allow international comparisons because there

are discrepancies between the salaries and costs of care

across countries [25].

Efficiency Measurements in Health Facilities



3 Results

3.1 General Description of Included Studies

The literature search identified a total of 6946 potentially

relevant studies from five databases, and the manual search

identified 12 articles. Once the duplicates were removed,

5376 titles and abstracts were screened, of which 5167

studies were excluded. The major reasons for exclusion

were (i) the aim of the study was not to assess the effi-

ciency of health facilities, or (ii) the setting was not an

LMIC. Two hundred and nine potentially relevant studies

were retrieved for full-text assessment. For the full-text

review, 72 studies were excluded because full text was not

available in English and 137 studies were finally included

in the analysis (Fig. 1).

Regarding validity of studies, of the 137 studies, 107

studies (78%) had a high validity score and 30 (22%) had a

medium validity score. Most of the studies with medium

validity did not discuss one or more of the following issues:

(i) only assessed one type of health facility, (ii) the calcula-

tion of sample size was not clearly justified, and (iii) they did

not clearly define the study period. Conversely, the high-

scoring studies mostly discussed all three issues, and were

also more likely to use different indicators to measure the

impact on productivity and to justify the statistical method.

3.2 Settings

Forty-three studies (31%) were conducted in Sub-Saharan

Africa (Fig. 2), especially in Ghana, Kenya and South

Africa. These studies consisted of intra- or inter-country

analyses from 48 countries in seven regions. There were

five inter-country efficiency studies with four of them

conducted in Africa [36–39], and one study [40] across

several African countries as well as in Honduras and

Moldova [40]. The primary aim of the latter study was to

improve the quality of information and examine the effi-

ciency in different settings. The representativeness of intra-

country analyses varied; for example, the study in Iran used

data from only one hospital using 5-year panel data [41].

However, a nationwide study of health facilities in Mexico

included a total sample of 2105 facilities [42].

There is no noticeable difference in the type of methods

used in each region (Fig. 2). DEA remained the most fre-

quently used technique for efficiency measurements in all

regions. RA was used in most of the regions except in

Europe and Central Asia. In addition, there were only a

small number of studies that applied SFA and EE. SFA was

only used in studies in Sub-Saharan Africa, the Middle East

and North Africa, and East Asia and the Pacific region,

while EE alone was used in studies in South Asia, Europe

and Central Asia.

The health facilities were categorised into the following

types: hospitals, primary-care facilities, and other types of

health facilities such as community nutrition centres, den-

tistry clinics and dialysis facilities. Eighty-eight studies

(64.2%) were conducted in hospitals, 29 studies (21.2%)

took place in primary-care settings, 11 studies (8.0%)

analysed both hospital and primary-care facilities, and nine

studies (6.6%) were in other types of health facilities

(Table 1). With regard to ownership, the majority of health

Fig. 1 Study flow diagram of

excluded and included studies
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facilities were in the public sector (n = 97, 70.8%), 29

studies (21.2%) analysed both public and private health

facilities, and only eight studies (5.8%) analysed private

health facilities exclusively. The characteristics of the

included studies are given in Table 6 in Online Resource 3

(see ESM).

3.3 Techniques

The number of studies using several techniques to measure

the efficiency has increased dramatically over the past few

years (Fig. 3). Most of the studies (91%) were published

after the year 2000 and the synthesis is dominated by rel-

atively modern analytical methods. Almost one-third of the

studies applied one of two types of RA analysis. The first

type is the physical input-to-output ratio (technical effi-

ciency); for example, bed turnover and bed occupancy

rates. Ten studies used the Pabón Lasso Model, which

applies several RA indicators simultaneously. The second

type is the ratio of cost inputs to outputs (economic effi-

ciency); for example, the average cost per admission and

the average cost per outpatient visit. The rest of the studies

(n = 95, 65.5%) used SFA, DEA or a mix of methods. Less

than 3% of the studies applied EE exclusively.

The use of DEA to measure efficiency started from 2000

(Fig. 3); DEA has the advantages that it can handle mul-

tiple inputs and outputs and does not require a functional

form to be specified. Out of 137 studies, 82 studies used

DEA alone or jointly with a second-stage analysis includ-

ing 19 studies that also included the Malmquist index. It is

notable that the use of DEA orientations are predominantly

by input orientation rather than output orientation, while

only a small number of studies applied both input and

output orientation together. At different levels of care,

studies in hospitals are mostly input-oriented while studies

in primary care are distributed equally between input and

output-oriented (Fig. 4). This is possibly because hospital

managers have more control over inputs, which allows

them to minimise their use of resources while maintaining

the same level of outputs. On the other hand, primary-care

managers mostly have limited control over the level of

inputs and their goal is to maximise the resulting outputs.

Regarding returns to scale, most of the studies predomi-

nantly used VRS, particularly in hospitals.

3.4 Input Variables

Of the 137 efficiency measurement studies in the published

literature, 82 studies used counts of physical resources as

inputs, 23 studies used financial inputs, and 32 studies used

both physical resources and financial inputs (Table 1). The

physical input variables included different types of capital

items (e.g. the number of beds, size of the facility and

number of pieces of medical equipment), and different

types of labour or materials (e.g. number of doctors, nurses,

and drugs and medical supplies). The financial inputs

included the total expenditures, capital inputs (e.g. cost to

reconstruct the health facility, equipment depreciation),

and different types of labour/material expenditures (e.g.

salaries, drug expenditures and non-labour expenditures).

Other types of inputs were also found, including a service

mix as a proxy for the complexity of services and quality

management efforts to satisfy customer expectations

(Table 2).

Fig. 2 Regions of included

studies and applied techniques
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3.5 Output Variables

Most of the measures (89.1%) from the published literature

used health services as outputs. The most common health

services items for hospitals were the number of outpatient

visits, admissions or discharges, and inpatient days

(Table 3). Because most of the studies used aggregated

outputs, it was not possible to disaggregate services by

department. The typical outputs used in primary-care set-

tings were outpatient visits and other services including the

number of fully immunised children, the number of indi-

viduals enrolled in nutrition services and the number of

Table 1 Characteristics of

efficiency measures
Number of studies Percentage of studies (%)

Level of care

Hospital 88 64.2

Primary care 29 21.2

Hospital and primary care 11 8.0

Other 9 6.6

Ownership

Public 97 70.8

Private 8 5.8

Public and private 29 21.2

Not available 3 2.2

Inputs

Physical 82 59.9

Financial 23 16.8

Physical and financial 32 23.4

Outputs

Health services 122 89.1

Health services and quality 7 5.1

Other 8 5.8

Statistical/mathematical methods

DEA 82 59.9

RA 37 27.0

EE 5 2.8

SFA 5 2.6

RA, DEA, SFA 2 0.9

DEA, SFA 2 0.7

RA, EE 2 0.7

RA, DEA 2 0.6

Contextual variables

Internal 39 28.5

External 13 9.5

Internal and external 32 23.4

None 53 38.7

Data source

Primary data 58 42.3

Secondary data 70 51.1

Primary and secondary data 9 6.6

Time frame

Cross-sectional 82 59.9

Panel 47 34.3

Not available 8 5.8

DEA data envelopment analysis, RA ratio analysis, EE econometric estimation, SFA stochastic frontier

analysis

F. Hafidz et al.



prescriptions. In some studies, the outputs were categorised

by the type of services (e.g. family planning, child health

services) and condition (e.g. typhoid, malnutrition). Four

studies [43–46] adjusted the number of cases using a case-

mix index to treat all the services equally. Two of the

studies [43, 45] used diagnostic-related group (DRG)

weighting, and one study [46] used the intensity of com-

plicated maternal and neonatal cases. None of the studies

used the health outcomes of the population, such as the

maternal mortality rates or child mortality, as outputs. Two

studies [47, 48] were found to incorporate patient outcomes

such as the mortality rate for admitted patients, which were

used as undesirable outputs. The quality of services was

sometimes used to adjust the outputs; it was proxied by the

number of re-admissions [43], the survival and perfor-

mance ratios [49] and patient satisfaction [50]. Another

output measure was financial performance, which was

applied by six studies. Financial performance was mea-

sured using the health facility revenue [51–54], purchasing

value [55], return on assets and operating margin [56].

Fig. 3 Efficiency measurement

technique trend

Fig. 4 Data envelopment

analysis (DEA) orientation and

returns to scale by the health

facility level of care
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Detailed methodological characteristics of the included

studies can be found in Table 7 in Online Resource 4 (see

ESM).

3.6 Contextual Variables

More than half (61.3%) of the included studies performed

further analysis to explore the determinants of health

facility efficiency. On average, three contextual variables

were analysed in each study, with the number of contextual

variables ranging from one to twelve per study. The typical

internal contextual variables used were ownership (e.g.

public or private), type of health facility (e.g. general or

specialist facility), performance indicator (e.g. bed occu-

pancy rate, average length of stay), quality indicators (e.g.

patient satisfaction, mortality rate), and specific health

services (Table 4). The external contextual variables in use

were the geographic location (e.g. region, urban or rural

area), demographics (e.g. population size coverage,

population education level), economic situation (e.g.

provincial income per capita, household asset value), time

trend, and market concentration (Table 4).

3.7 Methodology Issues

The analysis of limitations was drawn from those identified

by the authors of each study (Fig. 5).

Thirty-five studies (26%) indicated the lack of avail-

ability of a quality indicator, and thus the output variables

not being adjusted for quality as a limitation. Thirty-four

studies (25%) also stated a small sample size was their

limitation. On average, the sample size of health facilities

examined in the papers was 101, with an average of 74 for

analyses conducted in hospitals and 102 in primary-care

settings. The average number of outputs was three (range

1–14) while the average number of inputs was three (range

1–11).

Table 2 Number and percentage of input variables used by type of health facility

Input variables Hospitals Primary care Hospitals and primary care Other Total

n (%) n (%) n (%) n (%) n (%)

Physical

Capital

Beds 73 (27.7) 5 (6.4) 7 (20) 1 (6.3) 86 (21.9)

Size of facility 1 (0.4) 6 (7.7) 1 (2.9) 0 (0) 8 (2)

Medical equipment 2 (0.8) 2 (2.6) 0 (0) 2 (12.5) 6 (1.5)

Department 1 (0.4) 2 (2.6) 1 (2.9) 0 (0) 4 (1)

Number of health facilities 0 (0) 0 (0) 1 (2.9) 0 (0) 1 (0.3)

Labour/materials

Doctor 47 (17.8) 5 (6.4) 7 (20) 3 (18.8) 62 (15.8)

Nurse/midwife 34 (12.9) 5 (6.4) 5 (14.3) 2 (12.5) 46 (11.7)

Non-medical staff 20 (7.6) 7 (9) 4 (11.4) 1 (6.3) 32 (8.1)

Total labour 12 (4.5) 5 (6.4) 1 (2.9) 0 (0) 18 (4.6)

Technician staff/paramedic 17 (6.4) 3 (3.8) 2 (5.7) 0 (0) 22 (5.6)

Medical staff 10 (3.8) 5 (6.4) 3 (8.6) 0 (0) 18 (4.6)

Number or length in hours of activities 1 (0.4) 2 (2.6) 0 (0) 3 (18.8) 6 (1.5)

Drugs and medical supplies 3 (1.1) 4 (5.1) 0 (0) 0 (0) 7 (1.8)

Non-medical supplies 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (0.3)

Financial

Total expenditure 22 (8.3) 11 (14.1) 0 (0) 3 (18.8) 36 (9.2)

Capital value 4 (1.5) 4 (5.1) 0 (0) 0 (0) 8 (2)

Labour/materials

Expenditures for specific item or services 7 (2.7) 7 (9) 0 (0) 1 (6.3) 15 (3.8)

Salary expenditure 6 (2.3) 5 (6.4) 2 (5.7) 0 (0) 13 (3.3)

Other

Service mix 2 (0.8) 0 (0) 0 (0) 0 (0) 2 (0.5)

Management quality 1 (0.4) 0 (0) 1 (2.9) 0 (0) 2 (0.5)

Total 264 (100) 78 (100) 35 (100) 16 (100) 393 (100)

n number of variable used, % percentage of variable used

F. Hafidz et al.



Twenty-three studies (17%) indicated that the cost and

price data were difficult to collect. This limitation caused

the studies to use DEA predominantly instead of SFA,

which requires financial data. The lack of case-mix infor-

mation to weight output weighting was also a limitation in

24 studies (18%).

3.8 Outcomes

The studies included in this review reported relative effi-

ciency as a study outcome. Studies using the RA technique

explained efficiency by examining the variation in ratio

indicators among health facilities. In addition, a study that

used RA with the Pabón Lasso Model explained efficiency

by assessing the position of each health facility in the

diagram according to the average bed occupancy and bed

turnover rates. The typical DEA and SFA measures pre-

sented in the studies were technical efficiency scores,

returns to scale measures, rankings of health facilities, and

estimates of the input reductions or output increases

required to become efficient. Wide variations in the effi-

ciency measurement results were found.

4 Discussion

4.1 Techniques

Most of the existing studies rely on methods such as RA

and DEA. RA was originally applied because of its

advantages: it is simple, easy to compute, low-cost, and can

be performed on small samples [15]. Additionally, even

though RA cannot address multiple products, it provides

useful information for detecting inefficiency. Thus, in

specific circumstances involving limitations of time, data,

expertise, or budget, policy makers and researchers prefer

RA as a means of comparing efficiency across healthcare

organisations. This finding is not unique to LMICs; a

review of the efficiency measurement in the United States

found that 44% of the studies used RA as a statistical

method [35]. However, RA has limitations including

arbitrary assumptions regarding the cost allocation and the

difficulty of detecting quality and case-mix variations

among providers [15]. In general, the application of RA in

HICs is more advanced than in LMICs because it uses

adjusted outputs such as severity-adjusted average length

of stay [35].

DEA became a popular choice for researchers in both

LMICs and HICs to overcome the limitations faced by RA

from 2000 [34, 35]. The main advantage of DEA is that it

can be used with multiple inputs and outputs. However,

both RA and DEA become problematic when there are

outliers in the sample.

EE has the advantage to provide a better overview of the

changes in outputs or total costs in response to changes in

the inputs, service mix, and scale of operations through the

production or cost functions. EE has been applied in HICs

since the 1970s, but it only started to be used in LMICs in

the late 1980s and its use was still minimal [15]. Data

deficiencies, such as availability as well as inconsistencies

Table 3 Number and percentage of output variables used by type of health facility

Variable items Hospitals Primary care Hospitals and primary care Other Total

n (%) n (%) n (%) n (%) n (%)

Activity output

Outpatient visit 68 (24.5) 44 (46.8) 28 (51.9) 6 (31.6) 146 (32.9)

Admission or discharge 70 (25.3) 3 (3.2) 9 (16.7) 0 (0) 82 (18.5)

Inpatient days 61 (22) 0 (0) 6 (11.1) 0 (0) 67 (15.1)

Other services 21 (7.6) 34 (36.2) 4 (7.4) 8 (42.1) 67 (15.1)

Procedure 36 (13) 6 (6.4) 4 (7.4) 3 (15.8) 49 (11)

Session 3 (1.1) 3 (3.2) 0 (0) 0 (0) 6 (1.4)

Financial

Financial performance 10 (3.6) 2 (2.1) 0 (0) 1 (5.3) 13 (2.9)

Quality output

Re-admission 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (0.2)

Mortality rate 2 (0.7) 0 (0) 0 (0) 0 (0) 2 (0.5)

% survival rate 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (0.2)

Quality of service 4 (1.4) 1 (1.1) 3 (5.6) 1 (5.3) 9 (2)

Patient satisfaction 0 (0) 1 (1.1) 0 (0) 0 (0) 1 (0.2)

Total 277 (100) 94 (100) 54 (100) 19 (100) 444 (100)

n number of variable used, % percentage of variable used
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Table 4 Number and percentage of contextual variables used by type of health facility

Variable items Hospitals Primary care Hospitals and primary care Other Total

n (%) n (%) n (%) n (%) n (%)

Internal

Ownership 11 (4.5) 9 (8.7) 2 (8) 3 (16.7) 25 (6.4)

Type of health facility 9 (3.7) 6 (5.8) 4 (16) 1 (5.6) 20 (5.1)

Performance indicators 19 (7.8) 1 (1) 2 (8) 0 (0) 22 (5.6)

Quality indicators 67 (27.6) 22 (21.2) 10 (40) 7 (38.9) 106 (27.2)

Specific health services 16 (6.6) 9 (8.7) 4 (16) 1 (5.6) 30 (7.7)

Size of health facility 17 (7) 0 (0) 0 (0) 0 (0) 17 (4.4)

Financing 8 (3.3) 4 (3.8) 0 (0) 0 (0) 12 (3.1)

Availability of staff 16 (6.6) 3 (2.9) 1 (4) 0 (0) 20 (5.1)

Teaching 9 (3.7) 0 (0) 0 (0) 0 (0) 9 (2.3)

Management 6 (2.5) 2 (1.9) 0 (0) 3 (16.7) 11 (2.8)

Patient mix 5 (2.1) 1 (1) 0 (0) 0 (0) 6 (1.5)

Experience 2 (0.8) 0 (0) 0 (0) 1 (5.6) 3 (0.8)

External

Geography 25 (10.3) 18 (17.3) 1 (4) 1 (5.6) 45 (11.5)

Demography 11 (4.5) 18 (17.3) 1 (4) 0 (0) 30 (7.7)

Economy 5 (2.1) 3 (2.9) 0 (0) 0 (0) 8 (2.1)

Time 4 (1.6) 6 (5.8) 0 (0) 1 (5.6) 11 (2.8)

Market concentration 9 (3.7) 0 (0) 0 (0) 0 (0) 9 (2.3)

Security 0 (0) 1 (1) 0 (0) 0 (0) 1 (0.3)

Population health status 1 (0.4) 0 (0) 0 (0) 0 (0) 1 (0.3)

Insurance coverage 3 (1.2) 1 (1) 0 (0) 0 (0) 4 (1)

Total 243 (100) 104 (100) 25 (100) 18 (100) 390 (100)

n number of variable used, % percentage of variable used

Fig. 5 Five common

limitations highlighted in the

studies
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between providers, are the primary constraints when using

EE. EE also cannot separate between true inefficiency and

random noise [30, 57]. Most of the studies applying EE in

HICs use cost functions, while in LMICs; the application of

cost or production functions is rare because of the limited

availability of cost and price data [58].

Efficiency studies in both HICs and LMICs increasingly

use SFA, however DEA remains the dominant technique

[34, 59]. SFA relies on large and detailed sources for data,

especially input prices and other financial data. It is more

common for cost functions than production functions to be

applied in SFA, because costs can easily be aggregated into

a single measure that is required for an SFA frontier [60].

However, this requirement limits the application of SFA

when there is poor data availability, which is especially the

case in LMICs. It is important to underscore that only five

studies appear to have applied SFA alone and four used it

in conjuction with other methods to compare results. In

addition, the complexity of SFA may prevent researchers

from using SFA, as results are difficult for policy makers to

interpret.

Each technique has its own advantages and disadvan-

tages; there is no clear ‘consensus’ about which technique

is best. RA of technical efficiency and DEA appear to be

the preferred techniques to measure efficiency in LMICs if

policy makers need quick, clear, simple, and practical

evidence, and cost information is seldom available in

routine information systems, and there are limited research

resources such as budgets and expertise.

4.2 Orientation

Regardless of the techniques, efficiency results can be

interpreted in multiple ways depending on the orientation

[35]. This review found equal numbers of studies that

applied input and output orientations. Reallocating excess

medical staff and downsizing the capacity of a health

facility are examples of improving efficiency based on

inputs. However, from an ethical viewpoint, this may not

be an appropriate way to reduce waste when there is still a

major issue regarding resource availability [61, 62]. Output

orientation (e.g. to improve outreach activities, to reduce

physical and financial barriers, to increase utilisation rates)

may therefore be more acceptable in the context of LMICs.

In addition, input optimisation orientation can be very

difficult to apply in health facilities owned by governments.

Bureaucratic processes can make the procedures for

recruitment or dismissal of employees and the purchase or

disposal of assets complex and time consuming. However,

this type of orientation may be feasible if facilities are

given a degree of autonomy over resource management

decisions.

4.3 Indicators

The results showed that physical inputs such as the

infrastructure and the staff mix were the most frequently

used input variables for efficiency measurement in LMICs,

while variables related to the services provided were output

variables. Only a small percentage of studies used variables

related to financial or quality measures as outputs. Similar

findings in input and output variables were found in HICs

[35].

Although medicines are an input indicator that is sup-

posed to be beneficial in detecting underuse and overpric-

ing of generic drugs, irrational use of drugs, as well as

substandard or counterfeit drugs, this type of inputs vari-

able was lacking in most studies [7].

In relation to outputs, the indicators that were primarily

used were not able to detect whether tests and procedures

had been applied according to patients’ needs. Most of the

studies in the literature review assumed that there was no

difference in the effectiveness of healthcare services

according to the severity of cases treated in all health

facilities. This assumption could lead to misinterpretations

of efficiency measurements because the outputs are not

comparable. Therefore, it would be necessary to incorpo-

rate quality indicators (e.g. mortality rates, readmission

rates), and case-mix indicators (e.g. complication case

rates, diagnosis group variations) to adjust outputs

[31, 34, 48, 63–67].

Quality indicators were used in a number of ways to

adjust the outputs. Most of the studies in this review

applied the inverse of the undesirable outputs, for example

mortality rate, as an index of quality indicators [47, 68]; it

was mostly used in HICs as well. Apart from mortality rate,

two of the LMIC studies used a composite index score for

the quality of services, as well as structural and process

quality indicators [39, 69]. Quality indicators applied in

HIC settings that originate from patient information (such

as average length of stay and adverse outcomes

[48, 65, 67]) might be a problem in LMIC settings because

medical records are not particularly accurate [70].

4.4 Contextual Variables

Many studies incorporated contextual variables and often

used two-stage analyses to identify the determinants of

efficiency. The first stage estimates the relative technical

efficiency of health facilities using DEA while the second

stage is an explanatory regression model, usually a Tobit or

truncated regression that predicts the technical efficiency

score according to a set of contextual variables [71–73].

However, when studies apply SFA to measure efficiency, a

two-step approach is not recommended due to the biases

arising from the process and other undesirable statistical
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properties [74]. Determinants of efficiency are therefore

identified using a single-step approach. From the nine

studies that applied SFA, six studies analysed contextual

variables. Four studies [75–78] applied a single-step

approach while two others [79, 80] analysed the determi-

nants by comparing the means descriptively and statisti-

cally using ANOVA, Pearson and Nopo matching

decomposition procedure.

Contextual variables include both internal and external

factors. Internal factors are elements within the health

facilities that managers are able to control while external

factors are elements outside health facilities that are

impossible for health managers to control. In our review,

contextual factors typically included ownership status,

health facility size, and teaching status as internal factors

while geography, demography and economic status of the

population were used as external factors. Studies in HICs

generally used similar sets of contextual variables [81, 82],

with ownership being the most frequently used along with

size and capacity, degree of specialisation, market structure

and funding issues. Recent studies in HICs sometimes

incorporate quality indicators in the analysis [33, 59, 83].

Public ownership in LMICs was generally found to be

correlated with higher efficiency compared with private

ownership, although the findings are mixed. Jehu-Appiah

et al. [84] found that public hospitals performed better than

private because public hospitals in LMICs operate under

significant budget constraints, compelling them to provide

medical care at lower costs. However, a study by Hatam

et al. [85] in Iran argued that the private sector is more

efficient than the public sector because there is no incentive

for the public sector to minimise expenses. In HICs, a

review by Herrera et al. [83] found that ownership does not

seem to affect efficiency. Significant differences in health

outcomes and costs were only found between private-for-

profit providers and private-not-for-profit providers, in

which the latter were found to be more efficient. No sig-

nificant differences were found in efficiency between

public providers and both categories of private providers.

In addition to the ownership, our review found that

facility size measured by the number of beds was associ-

ated with higher efficiency. The findings showed mixed

results, with some studies finding that the health facility

size had a negative association with efficiency

[48, 84, 86, 87], and others finding the opposite

[26, 55, 88]. Studies in HICs generally found similar mixed

results. A study in Greece found that there was no signif-

icant association between the operational size and effi-

ciency [89], while a study in the United States as well as a

review found that a larger organisational size was nega-

tively associated with efficiency [33, 82]. A review by

Hadji et al. [25] found that the relationship between size

and efficiency was U-shaped, and small and large hospitals

had higher efficiency than medium-sized hospitals. Other

studies in HICs suggested that the effect of the size of the

health facility differed according to the location and pop-

ulation [81, 90]. Larger health facilities were found to be

more efficient in urban areas, while smaller health facilities

were more efficient in rural areas [90].

The geographic location of a health facility (e.g. urban

or rural region) was predominantly included as an

explanatory factor in efficiency analyses. Our review

findings were different from those of studies conducted in

HICs such as in the United States, which showed that rural

hospitals tended to operate with lower costs due to fewer

severe patient complications [65]. Heimeshoff et al. [91]

also argued that health facilities in rural areas in Germany

were significantly more efficient because of a lower density

of physicians, leading to a higher occupancy rate. How-

ever, these explanations should only be applied in homo-

geneous situations such as where there is equal physical

access to health facilities and equal health awareness

among the general population.

Nine studies incorporated quality as an explanatory

variable in the second-stage analysis of healthcare efficiency

in LMICs. The indicators used as a proxy for quality ranged

from a single variable such as health facility accreditation,

patient satisfaction or mortality rate, to a composite index of

quality including structural and process indicators. Results in

LMICs showed mixed results, in which some studies found

there were no trade-offs between quality and efficiency

[29, 39, 92], and others found trade-offs vary with size,

especially in the small and medium-sized health facilities

[48, 93]. In HICs, a review by Worthington [33] found that

several studies showed a negative association between

quality and efficiency. It was hypothesised that, in the

presence of increasing quality, extra resources are likely

required, including advancemedical technology that is more

costly, thereby reducing the efficiency [33].

The market structure, mostly measured by using an

index of market competition, has been increasingly used as

a contextual variable in research on efficiency in HICs.

However, it is less frequently used in LMICs, and only nine

of the studies in the present review incorporated market

structure. Our findings in LMICs were similar to those of

previous studies in HICs, where results were mixed

regarding the association between market competition and

efficiency [33].

Some other potential sources of technical inefficiency in

health care such as corruption and fraud were never

incorporated in either in LMIC or HIC settings [7].

This review shows that the efficiency of a health facility

is influenced by internal factors but also by external factors

that are outside of the control of health sectors. This finding

emphasises the need for the inclusion of inter-sectorial

actions to improve efficiency.
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4.5 Policy Implications

Policy makers and other stakeholders need clear strategies

to guide their decisions for better efficiency in policy

planning. From this review, four primary supply side

strategies are suggested to increase efficiency in health

facilities: (i) optimising labour (e.g. transfering excess

human resources to other facilities that need those

resources or introducing early retirement for excess

administrative and general support staff) [92, 94, 95]; (ii)

increasing quality (e.g. adequacy of drugs and medical

equipment, presence of staff, or enhancement of customer

satisfaction to attract patients) [41, 96, 97]; (iii) optimising

capital (e.g. closing beds, converting space to outpatient

services, or adjusting health facility size) [84, 98, 99]; and

(iv) developing finance strategies (e.g. prospective pay-

ment mechanisms, use of non-tax sources to increase

revenue, or incentives to increase production with a set of

targets) [100–102]. The demand-side strategies suggested

by the findings from this review include: (i) reducing

financial barriers (e.g. introducing health insurance

through pooled, pre-paid contributions, subsidising health

facilities, or reviewing user fees paid by patients)

[84, 101, 103]; (ii) reducing the physical access barriers

(e.g. improving transport infrastructure to decrease travel

time, introducing an effective referral patient transport

system, or launching a social program to reduce the stigma

related to accessing health care) [97, 101, 104]; and (iii)

changing health behaviours (e.g. increasing the health

knowledge and skills of the general population, promoting

health, or implementing disease prevention strategies)

[61, 104, 105].

Another recommendation for policy makers is to

organise a strong monitoring system to evaluate the

strategies. This would require a central collection of key

data from health facilities to facilitate routine monitoring

and provide robust data for advanced empirical research

[106]. The use of nationally standardised indicators would

ensure comparability between health facilities, as well as

data reliability.

The introduction of a routine efficiency monitoring or

benchmarking system that considers ranking health facili-

ties and publishes the results in annual reports could help

promote efficiency [29, 68].

4.6 Limitations and Future Work

The findings of this review are subject to some limitations.

Potentially relevant studies in non-English languages were

excluded. This paper focused on efficiency measures

specific to health facilities and excluded efficiency studies

in other settings. Moreover, this study only focused on

variations in efficiency according to ownership, and we did

not discuss how efficiency varies with different ways of

reimbursing the public and private sectors. Our objective

was to provide a landscaping review, and thus the quality

of the original studies was assessed using a relatively

simple validity tool rather than the complex protocols used

in Cochrane or Campbell reviews.

5 Conclusion

This paper reviews studies of efficiency measurement

currently available in LMICs. This review identified the

efficiency methods as well as the contextual factors that

have predominantly been used in LMIC efficiency studies.

It provides a comprehensive overview of efficiency mea-

surements to researchers. Further work could consider a

wider range of sources, including additional sources of

grey literature, as well as collaborative work with

researchers from other countries to capture non-English

literature.
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