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Abstract

Background: The provision of health-care services is dependent on the effective and efficient functioning of various components
of a health-care system. It is therefore important to evaluate the functioning of these various components. Hence, the aim of this
study was to review studies on health-care facilities efficiency in sub-Saharan Africa (SSA) with respect to the methodologies used
as well as outcomes and factors influencing efficiency.

Methods: The review was conducted through a comprehensive search of electronic databases which included PubMed, Web of
science, academic search complete via EBSCOhost, Science Direct, and Google scholar. A search was also conducted by looking
into citations in the reference list of selected articles and through gray literature. Studies were screened by examining their titles,
abstracts, and full-text based on stated inclusion and exclusion criteria. The concurrent screening and data extraction were
conducted by the two authors.

Results: A total of 40 studies were shortlisted for the review. The majority (90.0%) of the studies employed the data envel-
opment analysis technique for their efficiency measurements. The input and output variables utilized by most of the studies were
predominantly human resources and health-related services respectively. The outcome from majority of the studies showed that
less than 40% of the studied facilities were efficient. The leading influencing factors reported by the studies were catchment
population, facility ownership, and location.

Conclusions: The review showed that there was a marked degree of inefficiency across the health-care facilities. Consequently,
due to severe resource constraints facing SSA, there is a need to determine how to use the available resources optimally to
improve health systems performance.
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Background

Health-care system is a structure of production units consist-

ing of sections focusing on improving the health status of the

population. Primary health care and its associated facilities

are considered as the gateway to higher levels of care.1 The

examination of health systems performance in most countries

is usually based on the analysis of system components that

deliver care.2 Such an analysis allows for an understanding of

how effective and efficient service delivery components func-

tion. Health system functioning can be measured through

cost-effective analysis, and also through technical and alloca-

tive efficiency.

Efficiency indicates how well an organization has used its

resources to produce the best outcome over a period.3 There are

two main components of efficiency: allocative and technical

efficiency.3 Technical efficiency refers to achieving maximum

possible output with the least available sets of inputs. As regard
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health-care services, it refers to the physical relationship

between the resources consumed, such as capital, labor, and

equipment and related health outcomes.4 These outcomes may

either be defined in terms of intermediate outputs such as the

number of patients treated and waiting time or final outcomes

such as lower mortality rates and improved life expectancy.4

On the other hand, allocative efficiency refers to the ability of

an organization to utilize different input resources in optimal

proportions to produce a mix of different outputs considering

input prices and the production technology.4,5 Overall, total

efficiency is determined through the combined effect of both

technical and allocative efficiency.4,5

In the face of severe global disease burden, health-care

investments are becoming a high public health priority glob-

ally.6 Sub-Saharan Africa (SSA) accounts for about 11% of the

world’s population but bears 24% of the global disease bur-

den.7 The region spends on average 6.1% of its total gross

domestic product (GDP) on health.8 A value greater than aver-

age total health expenditure per GDP spent by most countries

of the Next Eleven (Next-11) nations,9 but less than most

developed countries of the world such as United States with

a 15% GDP.10 Health facilities are known to consume the

highest proportion of total health expenditure in most SSA

countries, estimated to be from 45% to 81% of government

health expenditure.11,12 As health facilities are increasingly

consuming more in health-care resources, there is a need to

determine if the increase in input is accompanied by an

increase in service provision. While health facilities such as

hospitals and health centers constitute an important component

of health systems in SSA, there are few studies that have

assessed health facility efficiency over the past three decades.13

In contrast to SSA, most of the efficiency and health system

performance studies have been routinely conducted in developed

countries where it has become a norm. A wide range of instru-

ments have been deployed, ranging from simple ratio analysis

and unit costing to more advanced methodologies, such as the

data envelopment of analysis (DEA) and stochastic frontier anal-

ysis (SFA).14 Promoting efficiency measurement in SSA coun-

tries is essential to ensuring optimal resource utilization targeted

at equity in health-care delivery. This review aims at reviewing

studies of health-care facilities efficiency in SSA based on the

methodologies used as well as outcomes and factors influencing

efficiency.

Majority of the previous efficiency review studies con-

ducted were done in developed countries of Europe and Asia,

and they are mostly more than a decade old.15-20 Although a

study was recently conducted to review efficiency measure-

ment in low and middle-income countries (LMICs),13 our study

exclusively focused on efficiency measuring techniques in SSA

as well as outcomes and factors influencing the efficiency of

health facilities in the region. Findings from this study revealed

coverage and nature of research activities on assessing the

efficiency of health facilities in SSA in the last two decades.

Thus, the review contributes to tools available for the future

conduct of efficiency studies.

Methods

This review was guided by Preferred Reporting Items for Sys-

tematic Review and Meta-Analysis, which is a standard guide-

line for systematic reviews.21

Eligibility of Studies for the Review

The SPIDER (Sample, Phenomenon of Interest, Design, Eva-

luation, Research type) framework22 adapted from PICOs

(Population, Intervention, Comparison, Outcomes, and Study

setting) tool was used to determine the eligibility of studies for

the review process (Table 1).

Strategy for Identifying Relevant Studies

We searched electronic databases from the year 2000 to Octo-

ber 2018. These databases include PubMed, web of science,

academic search complete via EBSCOhost, Science Direct, and

Google scholar. Also, articles were retrieved from citations in

the reference list of the included articles. A gray literature

search through the university library was also conducted to

source for additional articles. The keywords used to search for

relevant studies included “Efficiency,” “inefficiency,”

“Hospital,” “health facilities,” “and Sub-Saharan Africa,”

“productivity,” “performance,” “health centre.” To identify

factors associated with efficiency measurements additional

search terms; “factor,” “determinant,” and “influence” were

added. These keywords were combined in different ways to

form “search string” during the database search to generate

potentially relevant studies. These keywords were also trun-

cated (eg, efficien*) in some instances so as to retrieve relevant

studies. For full articles that could not be obtained online, the

University of KwaZulu-Natal library service was consulted for

assistance. Some authors were also contacted for full article

Table 1. SPIDER Framework to Determine the Eligibility of Studies
for the Review Process.

Sample Health-care facilities (this will include, primary
health-care facilities, secondary, and tertiary
health facilities).

Studies conducted in SSA countries

Phenomenon
of Interest

Efficiency of health-care facilities

Designs Cross-sectional study, survey, interview, focus
group, case reports, and observational study.

Evaluation – Methods of measuring technical efficiency
– Inputs and outputs used in measuring technical

efficiency
– Health facilities performance
– Factors associated with efficiency of health

facilities

Research type Qualitative, quantitative, and mixed methods

2 Health Services Research and Managerial Epidemiology



and other relevant studies. Studies were comprehensively

screened through examining their titles and abstracts. This was

done based on stated inclusion and exclusion criteria. The con-

current screening and data extraction were conducted by two

reviewers.

Study Selection Criteria

This is a systematic review study with included studies fulfill-

ing the following criteria:

– Used health facilities as the study population

– Studies on efficiency measurements

– Studies conducted in SSA

– Technical efficiency studies (studies including allocative

efficiency were also considered)

– Studies published in English.

Studies were excluded based on the following characteristics:

– Efficiency studies conducted that did not include health

facilities

– Studies published in languages other than English

– Studies carried out on health facilities outside Sub-

Saharan Africa

Study Validity Check

The methodological validity of included studies was assessed

using a validated tool adapted from previously published

review studies on resource utilization in health care.13,23-28

This tool contains 13 items arranged in 4 categories to assess

the design, sample, indicators, and statistical methods of each

study. Each checklist item was graded “1” point if the response

is “Yes” and “0” if it is “No,” this gave a total score ranging

from “0 to 13.” Studies with a total score of less than 6 points

were considered to have low validity, those with “6 to 8”

medium validity while those with a total score above “9” were

assumed to have high validity.13,23-28

Data Extraction

All eligible studies and articles were exported and stored in

endnote version 9.0 reference management software. We cre-

ated a Google template form based on the study aim and objec-

tives to assist with the extraction of data. This form was used to

extract background data (details of the author, year of publica-

tion, and study location), methodologies used (type of studies,

efficiency measurement approach, input variables, output vari-

ables, and statistical technique used), study outcome, influen-

cing factors, and other relevant information. The data

extraction form was first piloted and then constantly updated

during the data extraction process. Information extracted was

exported into an excel spreadsheet for data cleaning, analysis,

and presentation. We imported the data spreadsheet in Nvivo

version 11 for data grouping and thematic analysis.

Results

Description of Selected studies

A total of 241 potentially relevant studies were identified dur-

ing the literature search. Of the retrieved studies, 219 were

retrieved from five electronic databases (PubMed, Web of sci-

ence, academic search complete via EBSCOhost, Science

Direct, and Google scholar), while 22 were identified through

manual search (gray literature). The total retrieved studies were

screened for duplicate records and a total of 52 duplicate stud-

ies were identified and removed by endnote. Subsequently, the

screened articles were assessed based on inclusion and exclu-

sion criteria and a total of 149 studies which did not fulfill the

inclusion criteria were excluded. Seven studies were excluded

after the second screening and full abstract assessment. Finally,

40 eligible studies were included in the systematic review. The

study selection and screening procedure are as shown in

Figure 1.

The study validity check showed that 37 (92.5%) of the total

included studies had high validity scores and 3 (7.5%) had

medium scores. Studies with high validity had a defined statis-

tical approach, used several inputs and outputs and clearly

defined study period, while those with medium validity mostly

had sample size that was not clearly justified, inputs and output

variables were limited and not clearly defined.

Description of Included studies

Approximately 55% of the studies were published between

2010 and 2018, while 45% were published between 2000 and

2009. The majority of the studies were carried out in three

regions of SSA; Eastern Africa, Southern Africa, and Western

Africa while two of the studies were intercountry. Western

African region has the highest number of efficiency studies

(Table 2).

Eight of the 12 studies conducted in Eastern Africa were

published between 2010 and 2018. Eleven of the 16 western

Africa studies were conducted between 2010 to 2018 while

majority (90.0%) of the southern Africa studies were published

more than 10 years ago.

The health facilities type used were grouped into four major

categories: primary health-care centers, secondary or district

hospitals, tertiary, specialist and teaching hospitals, and others

(mainly health posts and voluntary medical male circumcision

facilities). Most, 37.5% and 25.0% of the studies were con-

ducted in only primary health-care facilities and only second-

ary/district health facilities, respectively. Seven of the studies

were conducted in more than one facility type, and of these

studies, four were studies on both primary and secondary health

facilities, while one study used “secondary and tertiary” facil-

ities. Two of the studies used all three types of health facilities.

Concerning facility ownership, the majority (65.0%) of the

facilities were owned by the government. Some (17.5%) of the

studies were conducted in both government-owned and pri-

vately owned facilities. The remaining four studies assessed

Babalola and Moodley 3



combination of government, private, mission/NGO-owned

facilities.

The data source for the studies was mainly secondary

sources while a few of the studies used both primary and sec-

ondary data sources. The secondary data collection involved

retrieving relevant data from health information databases,

while primary data collection was carried out through the use

of trained research assistants to collect data directly from the

health facilities. On the other hand, data collection years varied

from 1 to 9 years and the mean year of data collection was 2.31

+ 2.04 years (Table 3).

Efficiency Measuring Techniques

In general, there are two main techniques for measuring tech-

nical efficiency: parametric and nonparametric.29,30 A para-

metric approach involves the stochastic frontier production

function based on a set of explanatory variables.30 On the other

hand, the nonparametric approach uses linear programming to

measure the relative efficiency of some decision-making units

(DMUs; organizations) through identification of an optimal

mix of inputs and outputs based on the best-performing unit

within the set.30 The most common type of parametric tech-

nique is SFA while that of nonparametric is DEA.

Three different efficiency measuring techniques were identi-

fied among the studies: DEA, SFA, and Ensemble method

(ENS). The majority (90.0%) of the studies used DEA while 2

studies (5.0%) used both DEA and SFA. Though not a common

technique, the ENS is a combination of restricted versions of

data envelopment analysis (rDEA) and stochastic distance func-

tion (rSDF) which was used by one of the studies (Figure 2).31

Studies that employed the use of DEA techniques either use

it alone or together with a second-stage analysis involving

Malmquist total factor productivity index, Tobit regression

analysis, and correlation efficiency.

Orientation

Orientation adoption is one of the analysis procedures in DEA

technique. The general orientation adopted by DEA studies

were either input or output orientation. Of the 36 studies that

employed the use of DEA technique, most (55.6%) of the stud-

ies used output orientation, and 14 (38.9%) used input orienta-

tion. One of the studies used both input and output orientations

while another had unspecified orientation. Majority (64.3%) of

the input-oriented studies were measured on both constant

return to scale (CRS) model and variable return to scale (VRS)

model. On the other hand, half (50.0%) of the output-oriented

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Flowchart showing study selection procedure.
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studies had efficiency determined on VRS model and also the

only study (a primary and secondary health facility-based

study) that utilized both input and output orientation also used

VRS model. Efficiency assessment of majority of the primary

health facilities was determined through input orientation using

both CRS and VRS models. While most of the studies involv-

ing tertiary facilities and other facilities were mainly output-

orientated (Figure 3).

Input and output variables

There were different range of input and output variables

deployed by the studies. The input variables were categorized

into physical inputs which include human resources (clinical

and nonclinical staff) and proxy for capital cost (eg, size of

facility, number of beds, and number of wards) and financial

input which include recurrent expenditure and expenditure on

drugs and supplies (Table 4). On the other hand, the output

variables were classified into health services alone such as

consultation visits and maternal and child health services and

those that included both health services and health outcomes

(Table 5).

Most (67.5%) of the studies utilized physical inputs while

32.5% used both physical and financial inputs. Across all the

facility types assessed, doctors and nurses were the major

clinical staff input. Other support staff such as cleaners and

security personnel constituted the majority of the nonclinical

staff. Financial input used were recurrent expenditure (this

include personnel and administrative costs) and expenditure

on drugs and supplies. The number of beds, number of wards,

Table 3. Studies Description.

Description

Number
of Studies
(n ¼ 40)

Percentage
(%)

Facility type used
Primary 15 37.5
Secondary/district 10 25.0
Tertiary/teaching/specialist 5 12.5
Primary and secondary 4 10.0
Secondary and tertiary 1 2.5
Primary, secondary, and tertiary 2 5.0
Others 3 7.5

Ownership
Public 26 65.0
Private 1 2.5
Public and private 7 17.5
Public and mission 1 2.5
Public, private, mission, and NGO 4 10.0
Not specified 1 2.5

Data source
Primary 12 30.0
Secondary 25 62.5
Primary and secondary 3 7.5

Data collection years
Single year 26 65.0
Multiple years 14 35.0
Mean (+SD), years 2.31 + 2.04
Maximum data collection year frame 9

Data collection period
Before 2000 5 12.5
2000-2009 22 55.0
2010-2018 13 32.5

Table 2. Region and Country by Year of Publication.

Region Country

Year of Publication

Total,
n

2000-
2009,
n (%)

2010-
2018,
n (%)

Eastern
Africa

Eritrea 0 (0.0) 1 (100.0) 1
Ethiopia 0 (0.0) 3 (100.0) 3
Kenya 2 (66.7) 1 (33.3) 3
Seychelles 1 (100.0) 0 (0.0) 1
Tanzania 0 (0.0) 1 (100.0) 1
Uganda 1 (33.3) 2 (66.7) 3
Total 4 (33.3) 8 (66.7) 12

Southern
Africa

Angola 1 (100.0) 0 (0.0) 1
Botswana 1 (50.0) 1 (50.0) 2
Namibia 1 (100.0) 0 (0.0) 1
South Africa 4 (100.0) 0 (0.0) 4
Zambia 2 (100.0) 0 (0.0) 2
Total 9 (90.0) 1 (10.0) 10

Western
Africa

Burkina Faso 1 (50.0) 1 (50.0) 2
Gambia 0 (0.0) 1 (100.0) 1
Ghana 3 (50.0) 3 (50.0) 6
Nigeria 0 (0.0) 5 (100.0) 5
Sierra Leone 1 (50.0) 1 (50.0) 2
Total 5 (31.3) 11 (68.7) 16

Multiple
Countries

Kenya and Swaziland 0 (0.0) 1 (100.0) 1
Kenya, Uganda,

Zambia
0 (0.0) 1 (100.0) 1

Total 0 (0.0) 2 (100.0) 2
Overall

Total
18 (45.0) 22 (55.0) 40

Figure 2. Efficiency measuring techniques.

Babalola and Moodley 5



Figure 3. Data Envelopment Analysis (DEA) Orientation by facility types.

Table 4. Description of Input Variables by Type of Health Facility.a

Input Variable
a b c d e F g Total

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

Human Resources
Clinical staff

Doctor/dentists 7 (10.6) 6 (13.0) 2 (10.5) 4 (19.0) 1 (25.0) 1 (12.5) 1 (11.1) 22 (12.7)
Nurse/midwife 10 (15.2) 8 (17.4) 2 (10.5) 4 (19.0) 1 (25.0) 1 (12.5) 2 (22.2) 28 (16.2)
Pharm. /pharm. tech. 1 (1.5) 2 (4.3) 1 (5.3) 1 (4.8) 1 (12.5) 6 (3.5)
Physiotherapist 1 (1.5) – – – – – – 1 (0.6)
Public health/CHO 1 (1.5) 1 (2.2) – – – – 3 (33.3) 5 (2.9)
Radiographer – – – 1 (4.8) – – – 1 (0.6)
Technician/paramedics 5 (7.6) 2 (4.3) 1 (5.3) 3 (14.3) – 1 (12.5) – 12 (6.9)
Other (non-specified clinical staff) 3 (4.5) 3 (6.5) 3 (15.8) 1 (4.8) – – – 10 (5.8)

Nonclinical staff
Administrative staff 4 (6.1) 1 (2.2) 1 (5.3) 1 (4.8) – 1 (12.5) – 8 (4.6)
Counsellor and educator – – – – – 1 (12.5) – 1 (0.6)
Health attendants – 2 (4.3) – – – – – 2 (1.2)
Other support staff 7 (10.6) 7 (15.2) 3 (15.8) 2 (9.5) 1 (25.0) – 1 (11.1) 21 (12.1)

Financial
Recurrent expenditure 7 (10.6) 3 (6.5) – – – 1 (12.5) – 11 (6.3)
Expenditure on drugs and supplies 5 (7.6) 1 (2.2) – 1 (4.8) – – – 7 (4.0)

Structure
No of consulting rooms 1 (1.5) – – – – – – 1 (0.6)
No of wards 1 (1.5) – – – – – – 1 (0.6)
Size of facility 2 (3.0) – – – – – – 2 (1.2)
Bed 8 (12.1) 10 (21.7) 5 (26.3) 3 (14.3) 1 (25.0) 1 (12.5) 1 (11.1) 29 (16.8)

Others
Drug supplies 1 (1.5) – 1 (5.3) – – – – 2 (1.2)
Equipment 1 (1.5) – – – – – – 1 (0.6)
Power/energy supply 1 (1.5) – – – – – – 1 (0,6)
Total operating time – – – – – – 1 (11.1) 1 (0.6)

Total 66 (100.0) 46 (100.0) 19 (100.0) 21 (100.0) 4 (100.0) 8 (100.0) 9 100.0) 173 (100.0)

a“a”¼ studies that assessed primary health facilities alone; “b” ¼ studies that assessed secondary health facilities alone; “c” ¼ studies that assessed tertiary health
facilities alone; “d” ¼ studies that assessed both primary and secondary health facilities; “e” ¼ studies that assessed primary, secondary, and tertiary health
facilities; “g” ¼ studies that assessed other health facilities.

6 Health Services Research and Managerial Epidemiology



consulting rooms, and facility size were used as a proxy for

capital costs. Other inputs reported in the studies were hospi-

tal equipment, power or energy supplied, and total operating

time (total elapsed client–surgeon contact time during

circumcision).

Output variables can be the quantity of health services ren-

dered or a combination of the quantity and quality of the health-

care service. Majority (92.5%) of studies utilized quantity of

health services as output variables while three (7.5%) studies

included quantity and health outcomes. The health service out-

puts mostly used by the studies were outpatient visits and inpa-

tient visits. Maternal and child health services were determined

by antenatal care, delivery, immunization, postnatal, and family

planning visits. Health service quality or health outcomes were

measured through considering records of average facility service

quality index score, domiciliary cases treated, new births dis-

charged alive, and inpatients discharged alive. Other outputs

used by the studies include: procedure or surgery, tests or obser-

vation, and health education sessions (Table 5).

Factors Influencing Hospital Efficiency

Figure 4 shows the range of contextual factors influencing

productivity and efficiency reported by thirteen out of the

reviewed studies. The most common factor identified by the

studies was “facility ownership” (as reported in 9 of the 13

studies). This is followed by “facility location” and “catchment

population” as reported by 6 and 4 studies respectively.

Study outcomes

Four efficiency outcomes were reported, which include tech-

nical, allocative, scale, and cost efficiencies. All the studies

reported technical efficiency outcomes, two studies reported

scale-efficiency outcomes, two studies gave allocative effi-

ciency outcome, and one study included cost or economic effi-

ciency in its outcome report.

In Eastern Africa, 58.3% of the studies reported that “41% to

69%” of the facilities were technically efficient, while 16.7%
of the studies reported that “above 70%” of the facilities were

technically efficient. Five of the seven studies with scale-

efficiency outcomes indicated between “41% to 69%” scale-

efficient facilities (Table 6).

All four efficiency outcomes were reported among the stud-

ies carried out in Southern Africa. The only study that reported

both allocative and cost efficiencies of health facilities indi-

cated that few (33.0%) of the facilities were both allocative and

cost-efficient. Majority (75%) of the studies that reported scale

efficiency showed that “less than 40%” of the facilities were

scale-efficient. Similarly, most (60.0%) of the Southern Afri-

can studies indicated that “less than 40%” of the facilities were

technically efficient (Table 6).

Table 5. Description of Output Variables by Type of Health Facility.a

Output Variable
a b c d e F g

Total

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

Consultation visits
Outpatient visits 13 (17.8) 10 (27.8) 5 (33.3) 3 (15.0) 1 (25.0) 1 (11.1) 2 (11.8) 35 (20.1)
Inpatient visits 3 (4.1) 13 (36.1) 5 (33.3) 4 (20.0) 1 (25.0) 1 (11.1) 1 (5.9) 28 (16.1)
Dental care visits 1 (1.4) 1 (2.8) – – – – – 2 (1.1)
Emergency cases – – 1 (6.7) 1 (5.0) – – – 2 (1.1)
Special care visit 6 (8.2) 1 (2.8) 1 (5.0) 2 (22.2) 2 (11.8) 12 (6.9)

Maternal and child health services
Antenatal care visits 8 (11.0) 1 (2.8) – 2 (10.0) – – 1 (5.9) 12 (6.9)
Delivery 9 (12.3) 4 (11.1) 1 (6.7) 1 (5.0) 1 (25.0) 1 (5.9) 17 (9.8)
Immunization visits 8 (11.0) – – 2 (10.0) – – 1 (5.9) 11 (6.3)
Postnatal visits 8 (11.0) 1 (2.8) – – – 1 (11.1) 2 (11.8) 12 (6.9)
Family planning visits 5 (6.8) – 1 (6.7) 1 (5.0) – 1 (11.1) 1 (5.9) 9 (5.2)
Other MCH visit 3 (4.1) – – 1 (5.0) – 1 (11.1) – 5 (2.9)

Others
Procedure/surgery 1 (1.4) 2 (5.6) 2 (13.3) – 1 (25.0) – 1 (5.9) 7 (4.0)
Tests and observation 3 (4.1) 2 (5.6) – 1 (5.0) – 1 (11.1) 1 (5.9) 8 (4.6)
Patient death – 1 (2.8) – – – – – 1 (0.6)
Health educ. Sessions 4 (5.5) – – – – 1 (11.1) 3 (17.6) 8 (4.6)
Average facility service quality index score – – – – – – 1 (5.9) 1 (0.6)
New births discharged alive – – – 1 (5.0) – – – 1 (0.6)
Inpatients discharged alive – – – 1 (5.0) – – – 1 (0.6)
Patients days – – – 1 (5.0) – – – 1 (0.6)
Domiciliary cases treated 1 (1.4) – – – – – – 1 (0.6)

Total 73 (100.0) 36 (100.0) 15 (100.0) 20 (100.0 4 (100.0) 9 (100.0) 17 (100.0) 174 (100.0)

a“a”¼ studies that assessed primary health facilities alone; “b” ¼ studies that assessed secondary health facilities alone; “c” ¼ studies that assessed tertiary health
facilities alone; “d” ¼ studies that assessed both primary and secondary health facilities; “e” ¼ studies that assessed primary, secondary, and tertiary health
facilities; “g” ¼ studies that assessed other health facilities.
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In the Western region, majority of the studies indicated that

“less than 40%” of the health facilities were both scale- and

technically efficient. Also, the only study that reported alloca-

tive efficiency showed that the facilities been studied were

mostly inefficient. Finally, the two intercountry studies

included in this review reported that there were “less than

40%” technically efficient facilities each (Table 6).

Study Limitations

Limitations were mainly methodological- and data-related. The

most-reported limitations were “small sample size,” “lack of

data to measure hospital care outcomes,” “lack of data to deter-

mine efficiency aside from deviation from production possibi-

lities frontier,” “lack of data on expenditure and cost,” “lack of

data on case-mix index,” “data were gathered for only 1-year

period,” and insufficient coverage of the entire concepts of

efficiency (Figure 5).

Discussion

This review identified various approaches, inputs and outputs

that have been used to assess the efficiency of health facilities

in SSA countries. Proportion of efficient facilities and some

factors influencing efficiency of these facilities were also ana-

lyzed. The efficiency measuring techniques that have been

used in SSA were DEA, SFA, and ENS. These techniques were

based on the best performance frontier between observed pro-

duction units, deviation from this frontier is said to constitute a

relative technical inefficiency.

Figure 4. The most common factors influencing efficiency.

Table 6. Study Outcomes by Region.

Region Outcome

% Efficient Facilities

0%-40% 41%-69% 70% and Above Total
n (%) n (%) n (%) n

Eastern Africa (n ¼ 12) Scale efficiency 2 (28.6) 5 (71.4) 0 (0.0) 7
Technical efficiency 3 (25.0) 7 (58.3) 2 (16.7) 12

Southern Africa (n ¼ 10) Allocative efficiency 1 (100.0) 0 (0.0) 0 (0.0) 1
Cost efficiency 1 (100.0) 0 (0.0) 0 (0.0) 1
Scale efficiency 3 (75.0) 0 (0.0) 1 (25.0) 4
Technical efficiency 6 (60.0) 2 (20.0) 2 (20.0) 10

Western Africa (n ¼ 16) Allocative efficiency 1 (100.0) 0 (0.0) 0 (0.0) 1
Scale efficiency 6 (75.0) 1 (12.5) 1 (12.5) 8
Technical efficiency 9 (56.3) 5 (31.3) 2 (12.4) 16

Multiple Countries (n ¼ 2) Technical efficiency 2 (100.0) 0 (0.0) 0 (0.0) 2
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A vast majority of the studies used the DEA technique

which has been on the increase in the last two decades. Data

envelopment analysis was developed as an alternative

approach to stochastic frontier models.32 Data envelopment

analysis was developed to estimate technical efficiency by

accommodating multiple inputs and multiple outputs.32-34 This

is an advantage over the SFA which utilizes a specific func-

tional form of input and output.35 Data envelopment analysis

assists in identifying both the level and sources of ineffi-

ciency.34 Also, DEA is not affected by challenges of model

mis-specification, multicollinearity, and heteroscedasticity

which can lead to incorrect estimation of standard error and

subsequently erroneous conclusion.32,33 Data envelopment

analysis estimation is usually based on the best performing

DMUs such as organization or facilities, among a set of homo-

geneous units.33 There is no theoretical maximum by which the

facilities are compared. Hence, facilities that appeared to be

efficient among the unit sets might actually be inefficient in the

real sense.33 The use of a large sample size has been proven to

minimize this error.32

Malmquist productivity index (MPI) was mostly used in

some of the studies to assess changes in efficiency and produc-

tivity over a given period. The MPI allows the breakdown of

productivity changes into technical efficiency change and tech-

nological change.36 Technological change is a measure of the

change in the health facility production technology while tech-

nical efficiency change is the difference between observed pro-

duction and maximum feasible production.37 This productivity

index does not require assumptions on the cost minimization or

profit maximization and prices of input and output.36 Health

facilities with MPI scores greater than one signify growth in

productivity while values less than one indicates productivity

deterioration. Also, a second stage DEA analysis involving the

use of regression techniques was deployed to explain the effi-

ciency score.35,36 This was aimed at explaining the impact of

some factors (such as environmental and non-discretional fac-

tors) which are beyond the control of facility managers on

efficiency.38-40 Some of the most common factors cited to

influence health facility efficiency include; catchment popula-

tion, bed occupancy rate, the average length of stay, ownership,

location, payment source, the ratio of outpatient visits to inpa-

tient days, quality of care, and distance.

Although there are concerns expressed in the literature sur-

rounding the appropriateness of assumption selection and

robustness of result by SFA,19,41 it remains one of the tech-

niques that is often used in efficiency studies in both LMICs

and HICs. One of the studies included in this review utilized

SFA while another study used it in conjunction with DEA. The

SFA efficiency analysis is done through executing a functional

form of the input and output data. It assumes that deviation

from the frontier can be due to either random error or ineffi-

ciency.41 It considers the effect of measurement error (such as

outliers) which is beyond the facility’s control.42 This can be

said to be an advantage over DEA which mostly attributes

inefficiency to deviation from the frontier.

An ensemble modeling approach that combines rDEA and

rSDF was used in one of the studies.31 The approach was

designed as a technical efficiency estimation strategy in low-

resource settings.31 The main advantage of this approach is that

it provides a robust estimate of technical efficiency most espe-

cially when the underlying production function of facilities is

unclear.31 It also assists to eradicate some of the major

Figure 5. Most reported study limitations.
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challenges of DEA such as overestimation of efficiency among

homogeneous DMUs. Although DEA seems to be the most

preferred efficiency assessment technique in SSA (as demon-

strated by majority of the studies), there is no specific agree-

ment or evidence to show which technique is the best. They all

have their merits and demerits, they are better used to comple-

ment each other.

Most of the studies looked into maximizing outputs given

the amount of input used by facilities. This is shown by their

choice of orientation which is mostly output oriented. The DEA

studies assumed mostly a combination of both CRS and VRS.

The CRS model was adopted with the assumption that an

increase in inputs leads to the same proportionate increase in

output.36 The VRS model was adopted with two notions; first,

an increase in inputs may lead to a larger proportionate increase

in outputs; this is referred to as increasing return to scale or

economies of scale. Secondly, an increase in inputs can lead to

a smaller proportionate increase in output, which is referred to

as decreasing return to scale or diseconomies of scale.34,36 The

different model assumptions were used to determine output

response to variation in health facilities input. This was done

because health managers or policymakers have more control

over health facility inputs than outputs.

Findings from this review showed that input variables that

have been used were predominantly human resources and

structure (proxy by the number of beds). Majority of the studies

used clinical staff and the number of beds as the major input

variables. Only a few used other input variables such as finan-

cially related and other structural inputs. These findings are

similar to those reported in reviews conducted on HICs and

LMICs, which reported similar input utilization.13,43 This low

utilization of financial-related inputs was mainly attributed to

nonavailability of data. There has been an increase effort by

South Africa toward availability and access to medicines and

other medical supplies in the public health system recently.44

Going forward, this could improve availability of input data

related to expenditure on drugs and supplies for future effi-

ciency analysis.

Output variables that have been used in SSA were mostly

related to health-care service consultation. These consultation

visits included mainly outpatient and inpatient visits. Some

studies included total procedure/surgery and test/observations

outputs34,41,45-50 while very few studies considered a service

quality index score, domiciliary cases treated, new births dis-

charged alive and inpatients discharged alive as a proxy for

health-care quality.51-53 Due to difficulty in accessing data

related to quality of care delivered in health facilities, the

reported output variables could not incorporate much of quality

indicators. Alternatively, these quality indicators can be con-

sidered through considering some outputs such as morbidity

and mortality rate and some indicators such as average length

of stay and adverse outcomes that have been previously used in

developed countries.54,55 It was generally observed that differ-

ent input and output variables were selected based on previous

efficiency studies and data availability.

Policy Implication

The study outcomes show that the majority of the health facil-

ities in different regions of SSA were performing well below

the 100% efficiency benchmark set by their peer. Although

majority of the studies from eastern Africa show that “41 to

69%” of their health facilities were both technical and scale-

efficient, majority of studies from other regions indicated that

few facilities (less than 40%) were technical, allocative, scale,

or cost-efficient. To improve efficiency analysis in the region,

health planners or policymakers need to consider some inter-

ventions. These can include:

– tackling challenges associated with data availability

through organizing training in health management infor-

mation systems to enhance the availability of timely,

adequate, and reliable data;

– health management information systems should be

strengthened to regularly capture input, input price, and

output data which could use for allocative and economic

efficiency analysis36;

– formal health care-seeking behavior of the populace can

be increased through the provision of incentives so as to

make maximal use of health-care input resources.38

Similarly, health workers’ performance could be

improved through the same means5; and

– a planning model to enhance the geographical distribu-

tion of health facilities.

Study Limitations

The review only included studies that were published in Eng-

lish language, non-English studies were excluded due to

interpretation challenges. Also, studies published before the

year 2000 were not included in the review as the objective of

the review is to present recent relevant information on health

facilities efficiency measurement. The included studies in

each region may not be representative of the entire region,

thus the distribution of efficient health facilities in each

region of SSA may not correspond to real life. As this study

only focused on SSA, future review of other parts of Africa

will be complimentary.

Conclusions

The major aim of policymakers and health managers is effi-

ciency in the delivery of health care. Data envelopment anal-

ysis has been the predominant efficiency measuring technique

in SSA in the last 2 decades, and there has been a record of

wide inefficiency across health facilities. With the severe

resources constraint facing the region, there is a need to deter-

mine how to use the available resources optimally to enhance

the performance of health systems through improved service

delivery at health-care facilities.
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