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Abstract
To estimate the technical efficiency of health systems toward achieving universal health coverage (UHC) in 191 countries. 
We applied an output-oriented data envelopment analysis approach to estimate the technical efficiency of the health 
systems, including the UHC index (a summary measure that captures both service coverage and financial protection) 
as the output variable and per capita health expenditure, doctors, nurses, and hospital bed density as input variables. 
We used a Tobit simple-censored regression with bootstrap analysis to observe the socioeconomic and environmental 
factors associated with efficiency estimates. The global UHC index improved from the 2019 estimates, ranged from 48.4 
(Somalia) to 94.8 (Canada), with a mean of 76.9 (std. dev.: ±12.0). Approximately 78.5% (150 of 191) of the studied 
countries were inefficient (ϕ < 1.0) with respect to using health system resources toward achieving UHC. By improving 
health system efficiency, low-income, lower-middle-income, upper-middle-income, and high-income countries can improve 
their UHC indices by 4.6%, 5.5%, 6.8%, and 4.1%, respectively, by using their current resource levels. The percentage of 
health expenditure spent on primary health care (PHC), governance quality, and the passage of UHC legislation significantly 
influenced efficiency estimates. Our findings suggests health systems inefficiency toward achieving UHC persists across 
countries, regardless of their income classifications and WHO regions, as well as indicating that using current level of 
resources, most countries could boost their progress toward UHC by improving their health system efficiency by increasing 
investments in PHC, improving health system governance, and where applicable, enacting/implementing UHC legislation.
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What do we already know about this topic?
Maximizing the efficiency of healthcare resources is critical to advancing toward UHC and SDGs for health.

How does your research contribute to the field?
Our study indicates that, while the global UHC index has improved (compared with the 2019 estimates), a vast majority 
of health systems are inefficient in terms of using their healthcare resources toward achieving UHC. In addition, improv-
ing investments in PHC, health system governance, and enacting UHC legislation significantly boosted health system 
efficiency toward UHC.

What are your research’s implications toward theory, practice, or policy?
It is imperative that policymakers prioritize the enactment and implementation of UHC laws and actively work to raise 
PHC expenditure. Equally important is effective governance at the local, national, and global levels to enhance health 
system efficiency in pursuit of UHC objectives.

Introduction

Universal Health Coverage (UHC) is defined as the desired 
outcome for health systems, where all individuals in need of 
healthcare services, including promotion, prevention, treat-
ment, rehabilitation, and palliative care, receive them 

without experiencing excessive financial hardship.1 Good 
health is essential for human capital and economic growth. 
This enables children to attend school and allows adults to 
participate in the workforce. Financing healthcare services, 
therefore, is not an expenditure, but an investment in human 
capital.2 UHC plays a central role in achieving Sustainable 
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Development Goals (SDG), as health is a prerequisite for 
sustainable development, an outcome of it, and an indicator 
of progress in all three dimensions of sustainability.1,3 High-
quality health systems that offer universal access protect 
individuals from illnesses, promote economic growth, com-
bat poverty by maintaining population health, and contribute 
to social cohesion by ensuring the availability of healthcare 
services when needed.4

Health systems refer to a combination of actors, institu-
tions, and resources involved in the financing, regulation, and 
delivery of activities primarily aimed at improving or pre-
serving health.5,6 These systems bring together labor and cap-
ital resources in a production process to generate various 
healthcare services, including medical, surgical, nursing, den-
tal, pharmaceutical, physiotherapy, counseling, and palliative 
care, all of which contribute to enhancing health.7 While the 
ultimate goal of healthcare services is to bring about a mar-
ginal improvement in health status, it can be challenging to 
measure it accurately in most datasets.6,7 Therefore, interme-
diate outcomes, such as the number of surgical procedures, 
antenatal visits, childhood vaccine doses, and similar indica-
tors, have often become the primary focus of research. Health 
systems demonstrate varying levels of performance, even 
when they have similar income classifications, education 
standards, and healthcare expenditures. This divergence in 
performance affects their ability to achieve critical health 
objectives.5,8 According to the World Health Organization 
(WHO), health systems worldwide lose a significant portion 
of their resources, estimated at 20% to 40%, owing to various 
forms of inefficiency.5 For most countries, particularly low- 
and middle-income countries (LMICs), continuing on this 
path will not be sufficient to achieve the UHC goal by 2030.8

Midpoint on the way to 2030, monitoring the progress  
of health systems toward achieving UHC has become 
increasingly vital.9,10 The efficiency of health systems is 
evaluated based on their ability to reach intermediate out-
comes and ultimate goals, while making the best use of avail-
able resources. These assessments are crucial for shaping 
and implementing healthcare reforms.5 Consequently, our 
objective was to determine the extent to which health sys-
tems have achieved UHC, assess the technical efficiency of 
health systems in striving to achieve the UHC objective, and 
analyze the factors contributing to differences in efficiency 
levels. Initially, we used the Joint World Bank and WHO 
Framework for Monitoring UHC to calculate the UHC index 
for each of the 191 countries.11 Subsequently, we employed 
data envelopment analysis (DEA), a non-parametric method 

for measuring the efficiency of decision-making units using 
multiple input-to-output configuration, to estimate the tech-
nical efficiency of the health systems.12,13 DEA was chosen 
because of its widespread use in production frontier analy-
ses, its ability to work with various inputs and outputs, and 
because it does not require specific functional form assump-
tions.14,15 Our study findings could potentially facilitate the 
tracking of health system efficiency trends, improvements 
over time, and countries’ progress toward achieving UHC.

Methods

Study Design

This was a multi-country, cross-sectional analysis using pop-
ulation-based, national-level data. The Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines, together with Dufault and Klar’s rec-
ommendations, were used to ensure appropriate reporting of 
our study’s design, conduct, and findings.16,17

Study Variables

UHC is generally considered to have 2 key dimensions: ser-
vice coverage, which ensures that everyone, regardless of 
their ability to pay, receives the necessary healthcare ser-
vices; and financial protection, which prevents individuals 
from experiencing financial hardship due to seeking neces-
sary care.18,19 The UHC index captures and measures both 
dimensions of the UHC concept to facilitate the tracking of 
progress, comparison between countries, and guide policy 
decisions along both dimensions.18,20 Given that policymak-
ers are concerned with both UHC dimensions, service cover-
age (SC) and financial protection (FP), and are likely willing 
to make trade-offs between them, the UHC index represents 
a geometric mean of indicators for these 2 UHC dimensions, 
presenting an overall score ranging from 0 to 100, with 
higher scores indicating better performance.18,20,21 Numerous 
studies have used the UHC index as a target or benchmark to 
evaluate the efficiency of healthcare systems.5,22-27

Service coverage (SC): refers to “the average coverage of 
essential services based on tracer interventions that include 
reproductive, maternal, newborn and child health, infectious 
diseases, non-communicable diseases and service capacity 
and access, among the general and the most disadvantaged 
population.”28 The index is presented on a unitless scale 
ranging from 0 to 100, and its calculation involves taking the 
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geometric mean of 14 tracer indicators related to health-ser-
vice coverage. These indicators are categorized into 4 com-
ponents: reproductive, maternal, newborn, and child health; 
infectious diseases; non-communicable diseases; and service 
capacity and access.28

Financial Protection (FP): We meticulously adhered to 
the joint World Bank and WHO Framework, incorporating 2 
key measures of out-of-pocket (OOP) health expenditure: 
catastrophic OOP healthcare spending, defined as surpassing 
a specific percentage of a household’s total consumption, 
and impoverishing OOP healthcare spending, signifying that 
OOP costs push a household below the poverty threshold.11 
While the latter directly tackles the issue of OOP expenses 
leading to hardship and poverty, catastrophic expenses do 
not necessarily result in poverty but instead indicate expo-
sure to financial risk. We selected thresholds of 10% of total 
household consumption for catastrophic health expenditure 
(CATA) and an international poverty level of $1.90 per day 
for impoverishing OOP healthcare expenditure (IMPOV).

Health system inputs: We incorporated indicators that 
capture the inputs associated with healthcare production, 
including healthcare workforce, capital, and infrastructure. 
Specifically, we included the average current health expendi-
ture (CHE) per capita, adjusted for purchasing power parity 
(PPP) over the last 5 years (2016-2020), and the density of 
physicians, nurses, and hospital beds. We opted for the aver-
age CHE per capita, as it provides a more comprehensive 
assessment, accounting for the time delay that exists in the 
cause-and-effect relationship between healthcare spending 
or investments and the generation of intermediate outputs 
and health outcomes.29

Other indicators/variables: We incorporated 11 indica-
tors to capture the economic, social, and environmental fac-
tors that could influence health systems’ capacity to produce 
healthcare services. These include: (1) per capita gross 
domestic product (GDP); (2) government health expendi-
ture as a percentage of CHE (referred to as GOVT); (3) out-
of-pocket expenditure as a percentage of CHE (referred to 
as OOP); (4) external health funding as a percentage of 
CHE, specifically donor or international aid contributions 
(referred to as EXT); (5) primary health care (PHC) spend-
ing as a percentage of CHE; (6) current health expenditure 
as a percentage of GDP; (7) the existence of UHC legisla-
tion; (8) governance quality encompassing dimensions such 
as control of corruption, government effectiveness, political 
stability, absence of violence/terrorism, regulatory quality, 
rule of law, and voice and accountability; (9) Gini coeffi-
cient; (10) educational attainment measured by mean years 
of schooling; and (11) urbanization. We included CHE as a 
percentage of GDP to underscore the significance of the 
health sector within the broader economy, highlighting the 
societal prioritization of healthcare in monetary terms com-
pared to other sectors. The OOP per capita was included to 
signify both individuals’ health-spending capacity and their 
active engagement with healthcare services, reflecting the 
effective utilization of such services. GDP per capita served 

as an indicator of income relative to population size, with 
the rationale being that higher incomes facilitate individu-
als’ access to healthcare services and enable nations to 
invest in advanced healthcare technologies.30 In this con-
text, the term “governance pertains to a country’s perfor-
mance across various governance dimensions: control of 
corruption, government effectiveness, political stability, 
absence of violence/terrorism, regulatory quality, rule of 
law, and voice and accountability.31 We employ this as a 
proxy to evaluate the effectiveness of the health system’s 
governance. Furthermore, we integrated the mean years of 
schooling as a gage of educational achievement, hypothesiz-
ing that a higher average number of years of schooling 
would have a positive influence on healthcare accessibil-
ity.30 Finally, the inclusion of urbanization as an indicator 
considered its role in facilitating access to healthcare ser-
vices and its reflection on the proportion of the population 
with access to basic living conditions.32

Data Sources

We examined 3 distinct sets of variables for each country: (1) 
direct inputs of the health system, (2) health system output, 
which in this study are indicators for estimating the UHC 
index, and (3) contextual factors affecting the efficiency of 
the health system. Thus, we used the WHO’s Global Health 
Observatory (GHO) and World Bank’s Health Equity and 
Financial Protection Indicators data for the components of 
the UHC index.28,33 Data for the main UHC dimensions were 
derived from various surveys conducted in different years, 
and 2021 was chosen as the index year. When 2021 data 
were not available, we used estimates from the nearest pre-
ceding or subsequent year following recommended prac-
tices.19. Additionally, we gathered data on 4 key health 
system inputs, including current health spending per capita, 
physician density, nurses’ and midwives’ density, and hospi-
tal bed density, from the GHO.28 For a list of data sources for 
the other variables, refer to Appendix 1.

For countries in which data were missing from institu-
tional databases, we adopted a 2-stage approach to address 
these gaps. In the first stage, we prioritized data from nation-
ally representative surveys over hospital-based and adminis-
trative data, using information on catastrophic health 
expenditure and impoverishing health spending from peer-
reviewed studies.10,11 Further details are provided in 
Appendix 2. For all other variables, we relied on data from 
international organizations and national administrative 
sources. In cases where data remained missing after the first 
stage, we implemented multiple imputations by chained 
equations (MICE) in the second stage to fill these gaps.34

Statistical Analysis

We conducted our analyses in 2 phases. First, we compute 
the UHC index for each country. Second, we apply a conven-
tional economic analysis framework to assess efficiency by 
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employing a 2-step procedure. During the initial step, we 
assessed the health system efficiency by considering both 
health system inputs and outputs. Second, we employ econo-
metric models to elucidate the factors influencing this 
efficiency.

Estimating UHC index.  Based on previous studies,18,20,21 we 
aggregated the two dimensions of UHC (SC and FP) into an 
overall summary index. To achieve this, we transformed the 
FP indicators (CATA and IMPOV) into complements that 
quantified the portion of the population that did not encoun-
ter catastrophic expenses or impoverishment. The FP index 
was then calculated as the geometric mean of these comple-
ments, each given an equal weight. This choice of geometric 
mean, as opposed to the arithmetic mean, was deliberate and 
aimed to introduce a penalty for countries that excelled sig-
nificantly in one indicator or dimension but performed poorly 
in the other.20

	 FP = 1 - CATA  1 - IMPOV
1/2� � � �� � 	 (1)

We then computed the UHC index by aggregating the SC 
index with the FP index in equation (1). We assigned equal 
weights to both dimensions because policymakers are will-
ing to trade off one for the other.

	 UHC index = SC * FP
1/2� � 	 (2)

Data envelopment analysis (DEA).  DEA is a non-parametric 
data-driven linear programing technique used to compute 
efficiency scores for each DMU in a dataset.12,13 Technically 
efficient DMUs achieve a score of 1.0 or 100%, whereas 
inefficient DMUs achieve efficiency scores of less than 1.0 
or less than 100%. Notably, DEA assesses the efficiency of a 
DMU relative to the best practices observed within the data-
set, allowing us to benchmark health systems globally in our 
analysis. DEA has found extensive application in evaluating 
the efficiency of hospitals and health systems across various 
regions, including Africa,22,35 Asia,24,25 Europe,36,37 and Latin 
America and the Caribbeans (LAC).29

While DEA can operate under a constant return to scale 
(CRS) model, assuming that an increase in inputs results in a 
proportionate increase in outputs, this model may not be suit-
able for our analysis. Many health systems function at sub-
optimal scales because of factors such as imperfect 
competition, government regulations, and public sector 
bureaucracy.12,22 Therefore, the variable return to scale 
(VRS) model, which accounts for the possibility of inputs 
leading to proportionate increases or decreases in output, is 
more appropriate. This choice aligns with the nature of health 
service production, which typically exhibits an increasingly 
concave relationship with health expenditure.13,22 We also 
adopted an output-oriented model, which seeks to maximize 
the output, represented by the UHC index, while keeping the 

health system inputs constant. This approach aligns with the 
policy objective of increasing the UHC levels.1 Furthermore, 
using an input-oriented model with restricted inputs would 
be inappropriate, especially for health systems in LMICs, 
where there is often a deficiency in healthcare resources, 
such as healthcare workers, funding, and equipment.2

Therefore, using the VRS output-oriented DEA approach, 
we estimated the efficiency of health systems as follows:

	 Max = £O Y + Or rjo 0φ 	 (3)

Subject to constraints:

i

m

Vi Xij
�
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1

0 1

r

s

Or Yrj VrXij O j n j n
�
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1

0 0� , , . . . , , , . . . ,1     1     

O , Vr i ≥ 0

O > 0, O = 0, or O < 00 0 0

Where Yrj the amount of output r from country j, Xij the 
amount of input i to country j, Or the weight given to output 
r, Vi the weight given to input i, n the number of countries, 
s the number of outputs, m the number of inputs, O0 > 0 
defines increasing returns to scale, O0 = 0 defines constant 
return to scale (CRS), and O0 < 0 defines decreasing returns 
to scale. Technical efficiency scores, denoted as ϕ, are 
defined within a range of 0.00 to 1.00. An efficiency score 
of 1.00 signifies that the production process within the 
DMU operates at maximum efficiency. Conversely, if the 
score is less than 1.00, the production process is considered 
inefficient. In addition to our global analysis, we also 
explored health systems’ efficiency by WHO regions 
(African Region (AFR), Region of the Americas (AMR), 
Eastern Mediterranean Region (EMR), European Region 
(EUR), South-East Asian Region (SEAR), and Western 
Pacific Region (WPR)), income classification (low, lower-
middle, upper-middle, and high), and economic groups.

We performed Kruskal-Wallis H tests to assess the poten-
tial association between the efficiency estimates and health 
system characteristics: dominant mode of financing health-
care services (state, private, and external), income classifica-
tion (low-income, lower-middle-income, upper-middle- 
income, and high-income), WHO region (AFR, AMR, EMR, 
EUR, SEAR, and WPR), and Mann-Whitney U test for the 
passage of UHC legislation (Yes and No).

We also performed a Tobit regression analysis to assess the 
association between DEA efficiency estimates and the fol-
lowing potential health system efficiency determinants: eco-
nomic status, health financing, governance quality, economic 
inequality, education, and urbanization. Due to the high 
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correlation between the health financing options (GOV, OOP, 
and EXT) and governance quality indicators, we conducted 
an exploratory factor analysis using the iterated principal fac-
tor method to identify the most representative indicators for 
inclusion in our models. For health financing options, we dis-
covered that one factor could effectively explain more than 
two-thirds of the variance in these indicators, leading us to 
select a single representative indicator for inclusion in our 
models (see Appendix 3[a, b, and c]). Similarly, in the case 
of governance indicators, we found that 2 factors could 
account for 96.9% of the variance, leading to the selection of 
one indicator for each factor to be included in our regression 
model (see Appendix 4[a, b, and c]). The selection of indica-
tors was guided by factor loadings in both analyses. Thus, 
among the indicators of health financing options, we selected 
domestic government health spending as a percentage of 
CHE. Meanwhile, among the governance indicators, we 
opted for Government Effectiveness and Rule of Law.

We specified our final Tobit regression model as follows:

	

�= + GDP + CHE + GOV

+ PHC + GEFF + ROL +
0 1 2 3

4 5 6 7

� � � �

� � � �

ln i i i

i i i LLEG

+ GINI + EDU + URB + 8 9 10

i

i i i i� � � �

	 (4)

where ϕ denotes the technical efficiency scores, i represents 
the ith country, GDP is GDP per capita, CHE signifies CHE 
as a percentage of GDP, OOP denotes the OOP expenditure 
as a percentage of CHE, PHC is primary health care expen-
diture as a percentage of the CHE, GEFF is government 
effectiveness (governance quality), ROL is the rule of law 
(governance quality), LEG is the passage of UHC legislation 
(Yes/No), GINI is the Gini coefficient, EDU is the mean 
years of schooling, URB is urbanization, and εi is the sto-
chastic error term. We also included our initial DEA esti-
mates in a Simar and Wilson smoothed bootstrap analysis to 
estimate the robust efficiency score and identify factors asso-
ciated with these estimates.14 We conducted sensitivity anal-
yses to assess the robustness of this model using different 

combinations of input and output variables, excluding effi-
cient health systems, health systems in selected economic 
groups, and health systems with imputed data.34 We com-
pared the efficiency scores using Pearson’s correlation coef-
ficients. We conducted all statistical analyses using Stata MP 
18.0 (StataCorp LLC®) and considered an α (alpha) of 0.05 
as the cut-off for statistical significance.

Results

Overall, our analysis included 191 national health systems 
responsible for 99.6% of the global population.38 The overall 
UHC index ranges from a minimum of 48.4 (Somalia) to 94.8 
(Canada) with a global mean, median, and standard deviation 
of 76.9, 80.3, and 12.0 respectively. Figure 1 illustrates the 
significant differences in the distribution of UHC indices 
based on WHO region (Figure 1a) and income classification 
(Figure 1b). Countries in the WHO African region have the 
lowest UHC index, whereas countries in the WHO European 
region have the highest. Figure 1b shows a steady increase in 
the UHC index based on income classification, with low-
income countries having the lowest UHC indices and high-
income countries having the highest. Figure 2 shows the 
positive exponential relationship between the average CHE 
per capita (2016-2020) and UHC index. Initially, small 
increases in health expenditure yield large changes in UHC, 
but as the levels of health expenditure rise, the marginal 
improvement in the UHC index diminishes. The average 
CHE elasticity was estimated to be + 0.05377, indicating 
that, if the average CHE per capita increased by 1%, the UHC 
index increased by 0.054%. Table 1 show the descriptive 
results for the input and contextual indicators. The global 
average CHE per capita was $1103, with significant differ-
ences between countries based on the WHO regions.

Our DEA suggests that the global average health system 
performance toward achieving UHC, given the available 
health system inputs (CHE per capita, doctors, nurses, and 
beds), was 94.7% – Table 2. This suggests that the current 

Figure 1.  UHC index by WHO regions (A) and income classifications (B).
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global UHC index can be boosted by a mean of 5.32% with 
the same level of health-system inputs. The countries with 
the most efficient health systems toward this goal given their 
health system inputs are Niger, Madagascar, and Sierra 
Leone, while the least efficient are Libya, Angola, and 
Nigeria. Overall, 174 health systems had decreasing returns 
to scale performance, 12 had constant returns to scale, and 5 
had increasing returns to scale (Appendix 5). Simar and 
Wilson’s bootstrap analyses suggested that 150 (78.5%) of 
the 191 health systems included in our analysis were ineffi-
cient (ϕ < 1.0 or 100%), with the highest inefficiency at 
29.70% in Libya (25.87% in the normal DEA). There are 
stark differences in health system efficiency by WHO region, 
income classification, and selected economic groups. The 
WHO EMR had the lowest efficiency, with a mean efficiency 
of 92.7%, whereas the WHO AMR had the highest effi-
ciency, with a mean efficiency of 96.0% (Table 2). Kruskal–
Wallis tests, however, suggest that there were no statistically 
significant differences in health system efficiency between 
the WHO regions (Χ2(5) =5.567, P = .351), income classifi-
cation (Χ2(3) = 7.071, P = .069), dominant health financing 
(Χ2(2) = 2.404, P = .301), and passage of UHC legislation 
(Χ2(1) =0.966, P = .327).

Table 3 shows the results of the final bootstrapped regres-
sion model used to evaluate the impact of economic status, 
health financing, governance quality, economic inequality, 
education, and urbanization on health system efficiency. 
Three of the 10 variables used in the final model–PHC expen-
diture as a percentage of CHE, government effectiveness 
(governance quality indicator), and passage of any UHC leg-
islation–were statistically significant (P < .05). PHC expen-
diture as a percentage of CHE was statistically significant and 
positively contributed to the efficiency of the health systems. 
A one-percentage-point increase in PHC expenditure as a 
share of CHE was associated with a 0.999% increase in health 
systems’ efficiency toward achieving UHC. Government 
effectiveness and the passage of any UHC legislation both 
improved the efficiency of health systems’ efficiency toward 

achieving UHC. A unit increase in government effectiveness 
improves health system efficiency toward achieving the UHC 
goal by 0.932%. Unsurprisingly, the passage of UHC legisla-
tion is positively associated with health system efficiency. A 
stronger rule of law was associated with higher performance 
of the health system in the country, although this was only 
statistically significant at the 10.0% significance level. 
However, economic status, CHE as a share of GDP, govern-
ment health expenditure as a share of CHE, and urbanization 
were not significantly associated with the health systems’ 
efficiency toward achieving UHC.

Restricting the DEA analyses to only countries within 
each income classification yielded efficiency estimates that 
were significantly correlated with estimates from the global 
model (Pearson correlation coefficient ranged from .696-
.944) – Appendix 6. However, limiting the analyses in this 
manner inflated the efficiency estimates in low-income 
countries by an average of 3.4%, lower-middle-income 
countries by 1.2%, upper-middle-income countries by 1.3%, 
and high-income countries by 1.7%. In all different sensitiv-
ity analysis scenarios, the mean efficiency scores ranged 
from 0.9432 to 0.9688. Notably, restricting the sample to 
only health systems with complete data from institutional 
sources (ie, no literature search or data imputation) yielded 
very similar efficiency scores, with a mean technical effi-
ciency of 0.9477 and Pearson correlation with estimates 
from the main model of .9987. Evaluating the determinants 
of health system efficiency using Tobit second-stage regres-
sion analysis (instead of the Simar and Wilson smoothed 
bootstrap analysis) showed that only PHC expenditure as a 
share of the CHE and the passage of UHC legislation were 
significantly associated with health system efficiency 
(Appendix 7).

Discussion

This study evaluates the technical efficiency of health sys-
tems toward achieving the UHC goal midway to 2030 and 
provides the most recent and comprehensive estimates of 
global, regional, and national health-system efficiency 
toward this goal. Despite the widespread scarcity of health-
care resources in most countries, only one in 5 health sys-
tems are efficiently using these scarce healthcare resources 
toward achieving UHC, and there are sizable differences in 
efficiency scores across global regions and income classifi-
cations. In addition, most countries (93.7%) have scale inef-
ficiency, suggesting a need for interventions to improve the 
productivity of health systems in the run-up to 2030. Also, 
favorable macro-fiscal policies are required to raising finance 
for the health sector development.39,40 In addition, the share 
of current health expenditure spent on PHC, governance 
quality, and the passage of UHC legislation were all signifi-
cantly associated with health system efficiency toward UHC. 
Surprisingly, the share of GDP spent on health, the economic 

Figure 2.  Relationship between mean current health 
expenditure per capita (2016-2020) and UHC index in 2021.
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status of the county (GDP per capita), and education were 
not significantly associated with efficiency.

Our study shows that increasing investment in PHC 
improves the efficiency of health systems toward achieving 
their UHC goals. This observation holds because the aims of 
the UHC largely overlap with those of the PHC. While UHC 
aims to guarantee access to needed healthcare services to all 
people who need them without undue financial hardship, 
PHC addresses the health needs of all patients at the com-
munity level by integrating curative and preventive health-
care services. PHC is one of the 3 main tiers of health system 
infrastructure in most countries, and the tier closest to the 
very people that UHC aims to extend high-quality affordable 
healthcare services to – the poor, vulnerable, and marginal-
ized. Furthermore, PHC facilities such as health posts, pri-
mary health centers, community health centers, dispensaries, 
and subcentres are accessible to everyone in the community 
and are the first point of contact between most patients and 
the health system. Indeed, PHC, as a means, paves the way 
for achieving UHC, as a goal.41,42 Studies from Caribbean, 

Asian, and sub-Saharan African countries demonstrate that 
investments in PHC significantly improve health service 
delivery toward UHC.18,41-44

Our study demonstrates a significant association between 
governance factors and health-system efficiency. Health sys-
tems are increasingly decentralized structures, engaging 
diverse, heterogeneous, complex, and dynamic networks of 
actors for generating resources, delivering services, and 
financing care.45 The importance of health system gover-
nance as a significant determinant of health system perfor-
mance and achievement of health-specific goals, including 
UHC, is increasingly recognized.46 Governance is broadly 
construed as “the rules that distribute roles and responsibili-
ties among societal actors and shape the interactions among 
them.”47 With the appropriate use of standards, incentives, 
performance information, and accountability, good health 
system governance significantly boosts efficiency.48,49 Our 
analysis suggests that compared to high-income countries, 
governance remains a huge challenge in low-income coun-
tries, where weak accountability, incentives, and regulatory 

Table 2.  Technical Efficiency Estimates from 2-Stage Output-Oriented DEA.

No. of 
countries

DEA score  
Mean (SD)

DEA score  
Median (IQR)

Most efficient 
countries

Least efficient 
countries

Percent improvement 
in UHC index (%)

Global 191 0.947 (0.053) 0.956 (0.071) NER, MDG, SLE NGA, LBY, AGO 5.32
Income group
°  Low 25 0.954 (0.063) 1.000 (0.092) NER, MDG, SLE YEM, AFG, GNB 4.64
°  Lower middle 54 0.945 (0.063) 0.963 (0.094) SEN, BEN, CMR FSM, NGA, AGO 5.48
°  Upper middle 53 0.932 (0.058) 0.939 (0.076) TON, MHL, JAM MDV, GEO, LBY 6.83
°  High 59 0.959 (0.027) 0.958 (0.034) KNA, AND, CAN LVA, BRB, HUN 4.09
WHO region
°  AFR 47 0.946 (0.069) 0.982 (0.090) NER, MDG, SLE GNB, NGA, AGO 5.36
°  AMR 35 0.960 (0.037) 0.963 (0.055) HTI, KNA, HND BRB, SUR, DMA 3.97
°  EMR 21 0.927 (0.689) 0.944 (0.069) SOM, PAK, SYR YEM, AFG, LBY 7.33
°  EUR 53 0.948 (0.039) 0.955 (0.039) AND, TJK, KGZ ALB, ARM, GEO 5.22
°  SEAR 10 0.949 (0.053) 0.957 (0.053) NPL, THA, IND MMR, TLS, MDV 5.09
°  WPR 25 0.943 (0.049) 0.956 (0.049) VYT, TON, MHL PNG, TUV, FSM 5.72
Economic groups
°  Arab League * 21 0.926 (0.053) 0.941 (0.086) SOM, SYR YEM, LBY 7.43
°  ASEAN 10 0.965 (0.026) 0.970 (0.040) THA, SGP PHL, MMR 3.50
°  AU ** 54 0.943 (0.071) 0.957 (0.092) NER, MDG LBY, AGO 5.73
°  BRICS 5 0.955 (0.028) 0.956 (0.025) IND, RUS ZAF, CHN 4.48
°  CARICOM 15 0.942 (0.047) 0.936 (0.093) HTI, KNA SUR, DMA 5.79
°  ECO 10 0.956 (0.054) 0.970 (0.056) PAK, TJK AZE, AFG 4.42
°  EU 27 0.954 (0.028) 0.955 (0.034) CZE, DEU LVA, HUN 4.60
°  G7 7 0.976 (0.017) 0.973 (0.036) CAN, GBR USA, JPN 2.40
°  G20 *** 19 0.966 (0.022) 0.960 (0.038) CAN, IND ZAF, CHN 3.42
°  OECD 38 0.964 (0.026) 0.970 (0.029) COL, CRI LVA, HUN 3.59
°  SCO 8 0.978 (0.026) 0.984 (0.040) PAK, TJK IRN, CHN 2.17
°  SELA 28 0.963 (0.033) 0.964 (0.054) HTI, HND BRB, SUR 3.75

*The State of Palestine (West Bank and Gaza) was not included in our analysis.
**The Sahrawi Arab Democratic Republic is not included in our analysis.
***The European Union (EU) is not included as a single block in this analysis.
Note. ASEAN = The Association of Southeast Asian Nations; AU = The African Union; BRICS = Brazil, Russia, India, China, and South Africa; CARICOM = The Caribbean 
Community; ECO = The Economic Cooperation Organization; EU = The European Union; G7 = Group of 7; G20 = Group of 20; OECD = The Organization for Economic 
Cooperation and Development; SCO = Shanghai Cooperation Organization; SD = Standard deviation; SELA = Sistema Económico Latinoamericano y del Caribe (Latin American 
and the Caribbean Economic System.
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Table 3.  Determinants of the Health Systems Technical Efficiency Based on Simar & Wilson Smoothed Bootstrap Analysis of Shephard 
Bias-Corrected Inefficiency Estimates.

Independent variables
Regression 
coefficient

Bootstrap 
Std. Error

95% Confidence interval

P-valueLower Upper

Log of GDP per capita −0.002631 0.0133536 −0.029211 0.023402 .844
CHE as a percentage of GDP 0.010985 0.0783576 −0.161357 0.147993 .889
Domestic government health expenditure as a 
percentage of CHE

−0.040177 0.0529016 −0.145010 0.064236 .448

PHC expenditure as percentage of CHE −0.000662 0.0002891 −0.001241 −0.000102 .022
Government effectiveness (Governance) −0.069963 0.0218474 −0.111592 −0.026061 .001
Rule of law (Governance) 0.035081 0.0205643 −0.005531 0.075138 .088
Passage of UHC legislation (Ref = No) −0.071048 0.0224237 −0.114470 −0.026665 .002
Gini coefficient −0.062127 0.0935577 −0.249528 0.114166 .507
Education (mean years of schooling) 0.000599 0.0042396 −0.007834 0.008821 .888
Urbanization 0.033128 0.0501536 −0.064239 0.132625 .509
Constant 1.133299 0.0954883 0.946963 1.325501 .000

Note. GDP = Gross domestic product; CHE = Current health expenditure; PHC = Primary health care.

systems within public institutions foster inefficiency, corrup-
tion, and waste. Corruption diminishes the performance of 
any system, and ultimately leads to zero output.48 Indeed, 
health system governance is the key change-maker for UHC 
at the local, national, and global levels and is fundamental 
for improving the efficiency, resilience, and responsiveness 
of health systems.49

Our study also demonstrated a significant relationship 
between the passage of UHC legislation and health system 
efficiency. Health laws are used to formalize commitment to 
goals, such as UHC and creating a drive for action.50 By 
establishing UHC as a desired goal within the legal frame-
work of a country, UHC legislation codifies the prevailing 
political momentum into actionable policies that direct the 
interaction between different health system actors to deliver 
healthcare services more efficiently.50 Enacting UHC legisla-
tion requires broad discussion across political divides on the 
concept and practicalities of UHC, arriving at a consensus on 
the package of care that is acceptable to all gender and age 
groups, fair and affordable to everyone, and feasible for the 
country, and codifying all these into law.51 Although our ini-
tial bivariate assessment (Mann-Whitney U test) of the asso-
ciation between UHC legislation and health system efficiency 
was not statistically significant, our multivariate regression 
analysis (after including other variables including gover-
nance factors) showed a completely different association. 
This suggests that enacting UHC legislation is a necessary 
but insufficient determinant of health system efficiency; that 
is, enacting UHC legislation alone does not alter health sys-
tem efficiency toward UHC unless it is matched with strong 
political and health system governance.51

Strengths and Limitations

While our study represents a comprehensive assessment of 
the potential efficiency of health systems toward achieving 

UHC, given resource constraints, our findings should be 
understood considering a few limitations. First, in a multi-
country assessment, such as ours, data availability is a major 
challenge. Despite our use of few simple and undemanding 
indicators, many countries, including several high-income 
technologically advanced countries, lack complete data on 
key UHC indicators and health expenditure indicators. 
Despite employing an advanced statistical approach to rem-
edy this, data challenges remain, as imputed data are unlikely 
to be as accurate as locally collected data. Second, in com-
paring the relative efficiency of health systems, our assess-
ment did not include any indicator of the quality of healthcare 
services – an important goal of UHC and a critical indicator 
on which health system performance should be assessed. 
Regrettably, there are currently no universally applicable 
indicators suitable for use in multicountry studies assessing 
health system efficiency. Third, our simplified assessment of 
health system efficiency, focusing on the conversion of 
healthcare resources into valued outputs, overlooks the vari-
ous structural and organizational factors that significantly 
influence service delivery. For instance, our evaluation did 
not account for prior investments in infrastructure, such as 
transportation networks, power grids, and Internet access, as 
well as technological capabilities. While it is not feasible to 
encompass these complex factors in our assessment, it is 
important to interpret our findings in the context of this 
omission.

Policy Implications

Notwithstanding these limitations, our study offers valuable 
insights into policy discussions and health-system reforms. 
Overall, there appears to be substantial room for efficiency 
improvement in health systems in most countries, especially 
in sub-Saharan Africa and Southeast Asia. These potential 
efficiency improvements are important not only from the 
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standpoint of public sector accountability, given that a sub-
stantial portion of health system funding comes from the 
public sector, but also because they can contribute to prog-
ress toward UHC. National, subnational, and sector-specific 
assessments of health system efficiency serve as valuable 
tools that policymakers can use to identify inefficiencies, 
allocate resources more effectively, and implement critical 
reforms within the healthcare system. Moreover, the inclu-
sion of countries with various income classifications and 
WHO regions in the list of efficient nations implies that any 
country, regardless of its economic status or geographical 
region, can develop an efficient health system. The strong 
association between PHC expenditure and health system 
efficiency toward UHC suggests that the UHC goal might 
only be achieved at significantly earmarked levels of PHC 
expenditure. This implies that policymakers must make a 
conscious effort to increase PHC expenditures to ensure 
attainment of the UHC goal. Likewise, to achieve UHC by 
2030, all countries must commit to actionable steps to 
strengthen health systems by improving health system gov-
ernance and passing universal healthcare legislation. 
Important lessons from Costa Rica and South Korea suggest 
that incremental implementation may be more realistic for 
LMICs.50 Lastly, continued efforts to improve technical effi-
ciency need to be undertaken alongside advocacy efforts to 
increase investment in health. Given the low-level health 
expenditures in Africa, the eastern Mediterranean, and 
Southeast Asia, efficiency gains alone will be insufficient to 
attain UHC.39,40 Consequently, a dual strategy that combines 
improved efficiency with increased healthcare investment is 
essential for realizing UHC goals.

Conclusion

Despite some improvement in the global UHC index com-
pared to the 2019 estimates, it remains suboptimal, with stark 
disparities among countries, WHO regions, and income clas-
sifications. Our study suggests that a significant majority of 
health systems are inefficient, regardless of their income 
classification or WHO regions. More importantly, this study 
highlights those improving investments in PHC significantly 
boosts health systems’ efficiency toward toward achieving 
UHC. In addition, effective governance at the local, national, 
and global levels coupled with a concerted enactment and 
implementation of UHC legislation are necessary measures 
to enhance health systems’ efficiency toward UHC.
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