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Abstract 

Objective To investigate the attainability of the 2030 universal health coverage 
(UHC) target of 80% using Ethiopia as a case study. 

Methods We examined trends in Ethiopia’s universal health service coverage 
index and its subindices between 2000 and 2021 in Ethiopia. To assess long-term 
progress, we projected coverage to 2030 and 2040 using Bayesian models. Simulation 
models evaluated the effect of expanding health system inputs, including service 
capacity and funding, on UHC. 

Findings Ethiopia’s universal health service coverage index increased steadily 
from 2000 to 2015 and slowed between 2015 and 2019 before progress stalled 
between 2019 and 2021. Projections indicate the country will achieve a UHC index of 
64.7% by 2030, failing to meet the 80% target. Projected subindex values for 2030 
were 68.4% for reproductive, maternal, neonatal and child health and 66.1% for 
infectious diseases but only 58.5% for noncommunicable diseases. Simulation 
modelling indicated that doubling health system inputs would only modestly increase 
UHC and that the 80% target is unlikely to be reached before 2040. 

Conclusion The trajectory of UHC in Ethiopia reflects both achievements and 
persistent gaps in health services. Modelling suggests that boosting health system 
inputs alone will be insufficient to reach the 80% coverage target by 2030. Structural 
reforms, better governance and greater system integration are required. The modelling 
framework used could help other countries assess progress and design context-
specific, equitable pathways towards UHC. 

Introduction 

Universal health coverage (UHC) is a fundamental goal of health systems worldwide, and 

ensures that all individuals receive health services according to their needs without 

experiencing financial hardship.1 There are two components of UHC: effective service 
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coverage and financial protection.2 The World Health Organization (WHO) included UHC as 

a core health system objective in its 2018 monitoring and evaluation framework for primary 

health care.3,4 UHC is monitored using 14 tracer indicators grouped into four categories: 

(i) maternal, reproductive, neonatal and child health; (ii) infectious diseases; 

(iii) noncommunicable diseases; and (iv) service capacity and access.5 Indicators are selected 

on the basis of the burden of diseases and treatment availability, cost–effectiveness and 

measurability, with clear numerators and denominators.6,7 A universal health service 

coverage index derived from these indicators provides a measure of essential services and it 

is the aim of every country to achieve coverage of 80% or higher by 2030.2 

In 2021, around 4.5 billion people out of a global population of 7.9 billion did not 

have full access to essential health services.8 This disparity might have been caused by 

disruption in services due to the coronavirus disease 2019 (COVID-19) pandemic, rising 

health-care costs or other obstacles rooted in the community and health systems that stem, for 

example, from ineffective health system leadership, an unevenly distributed health 

workforce, weak financial administration or poor infrastructure.9,10  

Ethiopia presents a compelling case study of a low- or middle-income country that is 

striving to meet UHC targets. Over the past two decades, the country has made substantial 

investments in its health system. In 2016, the government launched the Health Sector 

Transformation Plan, which articulated Ethiopia’s vision for achieving UHC.11 Subsequently, 

the health ministry developed a comprehensive package of essential health services in 2019.12 

Today, community health programmes led by health extension workers play a critical role in 

promoting health literacy, disease prevention and access to care in underserved areas.13 In 

addition, Ethiopia has expanded its health-care infrastructure and established thousands of 

health posts, health centres and hospitals across the country.13 Although the number of health 

workers has also been increased, there remain gaps in their distribution, particularly in rural 

areas.14 Health finance in Ethiopia relies on government funding, donor assistance and 

household out-of-pocket expenditure.15 

Although a 2015 study showed that Ethiopia has made clear progress towards UHC,16 

substantial inequalities in access and variations in the quality of care persist, which impede 

progress.17 Hence, whether the country will achieve the 80% service coverage target by 2030 

is still uncertain. Research into health services in Ethiopia, including trend analysis and 

forecasting, would help guide the development of the health systems and policies required to 

achieve UHC.18 
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The aim of this study was to investigate the attainability of UHC by analysing trends 

in the universal health service coverage index and projecting future trajectories, using 

Ethiopia as a case study. Our findings offer both insights into Ethiopia’s decision-making 

processes and provide an analytical framework that other low- and middle-income countries 

can apply to evaluate, and accelerate, progress towards UHC. 

Methods 

The study involved three approaches: (i) a descriptive and trend analysis; (ii) Bayesian 

projection modelling; and (iii) simulating the universal health service coverage index and its 

subindices. These subindices include reproductive, maternal, neonatal and child health; 

infectious diseases; noncommunicable diseases; and health service capacity and access. 

Projections of the universal health service coverage index were extended to 2040 to assess 

long-term trends under various scenarios. 

Universal health service coverage index 

The universal health service coverage index is a composite of 14 indicators grouped into four 

categories.19 The reproductive, maternal, neonatal and child health category include four 

indicators: (i) family planning; (ii) antenatal care (more than four visits); (iii) diphtheria, 

tetanus toxoid and pertussis (DTP3) immunization, and (iv) care-seeking for acute respiratory 

illness. The infectious disease category include four indicators: (i) effective tuberculosis 

treatment; (ii) antiretroviral treatment (ART) coverage; (iii) access to insecticide-treated bed 

nets; and (iv) water, sanitation and hygiene. The noncommunicable disease category include 

three indicators: (i) hypertension treatment; (ii) diabetes prevalence; and (iii) the non-use of 

tobacco. The health service capacity and access category includes three indicators: 

(i) hospital bed density; (ii) health worker density; and (iii) the International Health 

Regulations’ core capacity index.20 

Data sources 

To ensure data were comprehensive, we derived values for each indicator from several 

publicly available sources, including WHO, the World Bank, Our World in Data and national 

health reports (Table 1).21 National health data came from national health surveys conducted 

in Ethiopia between 2000 and 2021 and we obtained data on health service coverage (e.g. the 

number of health centres per 100 000 population) for the same time period from Ethiopia’s 

routine coverage reports submitted to WHO.22 Information from WHO included data on UHC 

indicators and estimates of coverage for reproductive, maternal, newborn and child health, 
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infectious diseases, noncommunicable diseases, and health service capacity and access. Data 

on the share of health-care expenditure derived from out-of-pocket contributions were 

obtained from WHO’s Global Health Observatory database.22 Detailed descriptions of the 

indicators and of index calculations are available in the WHO and World Bank’s tracking 

UHC 2023 global monitoring report.2 

Data analysis 

We conducted a trend analysis of Ethiopia’s universal health service coverage index between 

2000 and 2021 and projected its future trajectory to 2040. Additionally, we used simulation 

models to explore how changes in key health system inputs could impact service coverage. 

Descriptive and trend analysis 

We tracked changes in health service coverage over time and identified overall trends and 

improvements in each subindex of the universal health service coverage index. We calculated 

the average annual growth rate in coverage for each subindex and for the composite universal 

health service coverage index, which enabled us to quantify the pace of improvement of key 

health metrics and to identify areas in Ethiopia’s health system where progress was rapid or 

which persistently underperformed. 

Bayesian projection modelling 

We employed a Bayesian linear regression model with noninformative priors, which provide 

a neutral starting point, as outlined in previous studies.23,24 The model was used to estimate 

trends in the universal health service coverage index in Ethiopia over time and to derive the 

posterior predictive probability distribution of the composite estimated index. The model 

specified a sampling distribution for the data and a prior distribution for the regression 

coefficients. The cumulative indices proportions were logit-transformed before analysis and 

the transformed values were used in the model before being transformed back to 

probabilities, thereby ensuring that all predicted and projected probabilities remained 

between 0 and 1. Posterior parameters were estimated using a Markov Chain Monte Carlo 

simulation with Gibbs sampling, as employed by R2jags version 0.8.5 (The R Foundation, 

Vienna, Austria).25 After drawing an initial 1000 samples from the posterior distributions, the 

first 5000 iterations were discarded during the burn-in phase of the simulation and sampling 

was continued until convergence was apparent. These posterior predictive distributions were 

used to generate projections and 95% credible intervals (CrIs) up to the year 2030 or 2040, as 

appropriate. 
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Simulation model 

We developed a simulation model to assess the impact of changes in three key health system 

inputs, namely health service capacity and access (c), health expenditure per capita (e) and 

the number of health centres per 100 000 population (h), on the likelihood of achieving the 

universal health service coverage index target of 80% by 2030. The simulation employed the 

L-BFGS-B optimization algorithm to estimate the percentage increase that would be required 

for each input factor to achieve a universal health service coverage index of 80% by 2030.26 

We used initial guesses of 50% increases for all factors, with bounds set between 0 and 

100%. The objective function minimized the squared difference between the projected 

service coverage in 2030 and the target value of 80%. Specifically, the model projected the 

effect of doubling the value of each input factor individually and in combination, thereby 

enabling the potential contribution of each factor to the overall universal health service 

coverage index to be analysed in detail. A Bayesian simulation approach was implemented, 

in which changes in these input factors were simulated to identify the percentage increase in 

each factor required to meet the 80% target. 

The simulation used a logistic regression model with the form: 

0 0 1 2 3( )estLogit y c e h             
 (1) 

where pest is the estimated probability of achieving a specific value, α0 represents the 

intercept and β0, β1, β2 and β3 are the coefficients for the year (y), c, e and h, respectively. 

For the predictive analysis, the model was fitted to historical data and the estimated 

coefficients were used to project the universal health service coverage index to 2030 under 

various hypothetical increases in the values of three input factors. 

Results 

Descriptive and trend analysis 

Progress towards UHC in Ethiopia has been characterized by early gains and recent 

stagnation: the universal health service coverage index increased steadily from 2000 to 2015, 

then more slowly between 2015 and 2019 (Fig. 1). Between 2019 and 2021, progress stalled 

entirely. Consequently, year-on-year improvements have been limited in recent periods. 

Moreover, this decline affected all subindices. 

Table 2 shows that, among subindices, the infectious disease subindex increased most 

between 2000 and 2020: the annual percentage change in service coverage increased by an 

average of 10.7% (95% CrI: 6.5–15.2), which represents a rapid improvement from a very 
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low starting point. There were also steady improvements in the composite universal health 

service coverage index and the reproductive, maternal, neonatal and child health subindex, 

which demonstrated average annual percentage changes in coverage of 5.7% (95% CrI: 3.2–

8.3) and 5.3% (95% CrI: 3.3–7.5), respectively. By contrast, the service capacity and access 

and noncommunicable disease subindices increased more slowly: the average annual 

percentage change was 2.9% (95% CrI: 2.3–3.3) and 1.4% (95% CrI: 1.0–1.8), respectively. 

As shown in Fig. 2 and Table 2, progress across UHC subindices was uneven between 

2000 and 2020. The projected coverage for 2030 was highest for the reproductive, maternal, 

neonatal and child health subindex, at 68.4% (95% CrI: 59.1–77.4), followed by the 

infectious disease subindex (coverage: 66.1%; 95% CrI: 48.0–80.1), the noncommunicable 

disease subindex (coverage: 58.5%; 95% CrI: 56.3–61.3) and the service capacity and access 

subindex (coverage: 28.0%; 95% CrI: 20.0–35.6). 

In contrast, there has been substantial growth in ART coverage since 2000 and the 

80% target had almost been achieved by 2020 (Fig. 3). Projections indicate that progress will 

continue and that coverage will be close to 100% by 2030. 

Bayesian projection modelling 

Fig. 1 and Table 2 indicate that Ethiopia’s universal health service coverage index was 

projected to reach 64.7% (95% CrI: 52.6–75.2) by 2030 and may reach 80% by 2040. 

However, as the probability of achieving the 80% target by that year was only 0.4% (95% 

CrI: 0.3–1.0), it is unlikely to be met. In addition, the probability of achieving the 80% target 

by 2030 was 1.4% (95% CrI: 1.4–2.9) for the reproductive, maternal, neonatal and child 

health subindex, 2.8% (95% CrI: 2.3–3.7) for the infectious disease subindex and 0% (95% 

CrI: 0.0–0.0) for both the noncommunicable disease and service capacity and access 

subindices. 

Table 2 also reports the uncertainty in index projections for 2030. The uncertainty was 

greatest for the infectious disease subindex, which had a 95% CrI of 48.0–80.1%. The 95% 

CrI for the reproductive, maternal, neonatal and child health subindex was 59.1–77.4%, 

whereas the noncommunicable disease subindex had a narrower 95% CrI of 56.3–61.3%, 

indicating greater precision. The 95% CrI for the composite universal health service coverage 

index was 52.6–75.2%, which indicates uncertainty in the progress likely to be made. 

Simulation model 
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In the simulation model, doubling the level of all three key health system inputs raised the 

projected universal health service coverage index in 2030 to only 69.6%, compared with the 

64.7% predicted by Bayesian projection modelling. In particular, doubling service capacity 

yielded a 3.4% increase in the universal health service coverage index for 2030, doubling 

health expenditure per capita yielded a 2.6% increase and doubling the number of health 

centres per 100 000 population yielded a 5.4% increase. Even with these improvements, the 

80% target for universal health service coverage would still not be met by 2030. 

Discussion 

Our study investigated the attainability of the universal health service coverage index target 

of 80% by 2030 globally using Ethiopia as a case study. Historical progress towards 

achieving the target and future prospects in the country were evaluated through trend 

analysis, projections and simulation modelling. We found that progress had been made but 

that substantial challenges persist. There were two distinct phases: the universal health 

service coverage index increased steadily from 2000 to 2015 but progress had stagnated by 

2021. This pattern reflects the importance of not only initiating health reforms but also 

continuously adapting and reinforcing them to ensure durable progress. 

Our trend analysis highlighted a clear shift from steady gains to stagnation. Ethiopia’s 

initial UHC gains were largely due to its primary health care approach, which involved 

expanding access to health services to most of the remote population groups.13,17 The 

slowdown in UHC improvements after 2015 underscores the vulnerability of health system 

gains to external shocks, such as the COVID-19 pandemic, and the fragility of service 

delivery mechanisms. Moreover, the uneven progress across health service coverage 

subindices we observed reveals persistent disparities in health services: while maternal, child 

and infectious disease services continued to improve, noncommunicable disease coverage 

remained limited, which reflects the historical prioritization of communicable disease control 

by Ethiopia’s health system. The country’s experience illustrates the importance of building 

resilient and balanced health systems capable of sustaining gains across service domains 

during crises. Resource use can be optimized and service delivery can be enhanced by 

adopting a system-wide, integrated approach that combines the prevention and treatment of 

infectious diseases with maternal and child health initiatives and the management of 

noncommunicable disease.27 This holistic strategy can help mitigate service overlaps and 

redundancies while addressing the interlinked nature of many health problems.28,29 
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In contrast to the overall stagnation of progress on universal health service coverage, 

Ethiopia achieved notable success in scaling up ART. The country is predicted to surpass the 

80% ART coverage threshold well ahead of 2030. This achievement is due to strong 

government commitment, coordinated efforts, advocacy, community mobilization, global 

solidarity, health systems strengthening and a public health approach to ART delivery.30 

Political commitment was central to the country’s remarkable progress.31 Similarly, 

establishing a strong political will around UHC is essential, with UHC established as a moral, 

economic and social priority.32 Global health organizations, including the Global Fund and 

the United States’ President's Emergency Plan for AIDS Relief,33,34 have contributed hugely 

to the success of scaling up ART in Ethiopia. In addition, the so-called diagonal approach, 

whereby disease-specific initiatives are leveraged to strengthen the broader health system, has 

helped the country scale up ART.31 The lessons learnt from scaling up ART could be applied 

in accelerating progress towards UHC.32 

Our projection modelling indicates that the probability Ethiopia will achieve the 80% 

universal health service coverage target by 2030 is only 0.4%. The 95% credible interval we 

report captures the best- and worst-case scenarios, which could offer policy-makers valuable 

evidence for preparedness, planning and resource allocation. Other low- and middle-income 

countries could also use such predictive tools to identify health service gaps, to anticipate 

trajectories in coverage and to prioritize targeted strategies that will accelerate progress on 

UHC. In addition, our simulation model demonstrated that simply expanding health system 

inputs, such as funding, facilities or workforce, yields only a modest increase in the universal 

health service coverage index, even under an optimistic scenario. This finding indicates that 

structural inefficiencies may prevent resources from being translated effectively into 

improved service delivery. The lesson for Ethiopia and comparable low- and middle-income 

countries is clear: resource growth alone is insufficient.35 Systemic reforms are vital, both 

within the health system itself but also outside it, in the broader socioeconomic and political 

context.9,36 

Our study demonstrates that, by combining projections and scenario simulations, 

Bayesian modelling offers a powerful, flexible, decision-support tool.37 The model enables 

policy-makers to evaluate trade-offs, estimate timelines and identify priority areas. Moreover, 

a study conducted in Bangladesh shows that Bayesian linear regression with noninformative 

priors and Markov Chain Monte Carlo simulations can produce probabilistic forecasts, 

credible intervals and assessments of inequality.23 Such analytical tools can support strategic 
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planning by estimating service coverage under various investment and policy scenarios.38 As 

demonstrated in our study, these models go beyond monitoring, they facilitate data-driven 

planning, prioritization and greater transparency in developing policies on UHC. Our model 

has been used in other studies in low- and middle-income countries, for example in 

Bangladesh and Ghana.23,39 

Ethiopia’s experience raises important questions about the feasibility of achieving the 

80% universal health service coverage target by 2030 globally, particularly in low-income 

settings.40 The country’s initial progress, followed by stagnation, illustrates the difficulty of 

sustaining gains without systemic reforms and building resilience.41,42 In contrast, countries 

such as Australia and Thailand have already achieved UHC thanks to greater institutional 

capacity and stronger long-term investment.2,43–45 The question arises, then, of whether it is 

appropriate to apply a uniform global benchmark to countries with vastly different health-

system capacities, resources and starting points.46,47 A more flexible, context-specific 

approach to setting UHC goals is needed: one that prioritizes incremental progress, equity 

and system resilience over rigid numerical thresholds.48 In addition, national policy-makers 

and their global health partners should recognize that achieving UHC is a long-term, context-

specific and adaptive process. Countries need support to set realistic, nationally appropriate 

targets and to build the institutional capacity required to respond to changing health demands 

and external shocks.49,50 

Our study has some limitations. First, the study relies on historical data from 2000 to 

2021 and the assumptions made in the Bayesian model could introduce potential 

inaccuracies. Furthermore, our projections fail to consider recent crises, including internal 

conflicts, which may negatively impact Ethiopia's progress towards UHC. Additionally, the 

model overlooks the social determinants of UHC and does not include financial risk 

protection. Consequently, the study’s findings should be interpreted with caution. 

In conclusion, our study investigated the attainability of the universal health service 

coverage target of 80% by 2030 globally using Ethiopia as a case study. Although the country 

made steady progress between 2000 and 2015, coverage has since stagnated, and our 

projections suggest that the 2030 target is unlikely to be met. Simulation modelling showed 

that expanding health system inputs alone produced only marginal gains, highlighting the 

need for structural reforms and improved governance. Ethiopia’s success in scaling up ART 

demonstrates that political commitment, community engagement and international support 

can be transformative. Modelling tools, such as those used in our study, can help low- and 
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middle-income countries anticipate challenges, prioritize resources and design context-

specific pathways towards UHC. Achieving UHC requires flexible benchmarks that reflect 

national context and prioritize equity, resilience and incremental progress.  
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Table 1. Health service coverage parameters, achieving universal health coverage by 2030, Ethiopia, 2000–2021 
Health service coverage 
parameter 

Derivation Data source 

Composite universal health 
service coverage index 

Derived from: (i) the reproductive, maternal, neonatal and 
child health subindex; (ii) the infectious disease subindex; 
(iii) the noncommunicable disease subindex; and (iv) the 
health service capacity and access subindex 

NA 

Reproductive, maternal, 
neonatal and child health 
subindex 

Derived from: (i) a family planning measure; (ii) the 
proportion of pregnant women who had ≥ 4 antenatal care 
visits; (iii) the DTP3 immunization rate; and (iv) a measure of 
care-seeking for suspected acute respiratory illness 

WHO Global Health Observatory and 
Our World in Data 

Infectious disease subindex Derived from: (i) the tuberculosis treatment success rate as 
a percentage of new cases; (ii) ART coverage as a 
percentage of people living with an HIV infection; (iii) a 
water, sanitation and hygiene measure; and (iv) an 
insecticide-treated bed nets measure 

World Bank Group and Our World in 
Data 

Noncommunicable disease 
subindex 

Derived from: (i) a measure of treatment for hypertension; 
(ii) diabetes prevalence; and (iii) a measure of tobacco non-
use 

Our World in Data, WHO Global 
Health Observatory and World Bank 
Group 

Service capacity and access 
subindex 

Derived from: (i) the hospital bed density; (ii) health worker 
density; and (iii) the International Health Regulations’ core 
capacity index20 

WHO Global Health Observatory 

Health centres per 100 000 
population 

The number of health centres in the country divided by the 
population 

WHO Global Health Observatory 

Health expenditure per 
capita 

The average amount of money spent on health per person in 
a country 

World Bank Group 

ART: antiretroviral therapy; DTP: diphtheria–tetanus–pertussis; HIV: human immunodeficiency virus; NA: not applicable; WHO: World Health Organization. 
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Table 2. Observed and predicted health service coverage and probability of achieving 80% coverage by 2030, Ethiopia, 
2000–2030 
Health service 
coverage parameter 

% (95% CrI) 
Coveragea  Average 

annual change 
between 2000 

and 2020 

Probability of 
reaching the 
target of 80% 
coverage by 

2030 

2000 2010 2020 2030 

Reproductive, 
maternal, neonatal 
and child health 
subindex 

18.7 (13.9–24.1) 32.6 (28.6–36.8) 52.6 (46.3–58.6) 68.4 (59.1–77.4) 5.3 (3.3–7.5) 1.4 (1.4–2.9) 

Infectious disease 
subindex 

4.8 (2.8–7.9) 14.5 (11.0–18.2) 36.8 (28.0–46.4) 66.1 (48.0–80.1) 10.7 (6.5–15.2) 2.8 (2.3–3.7) 

Noncommunicable 
disease subindex 

40.0 (37.8–41.8) 46.2 (45.1–47.1) 52.4 (51.2–53.7) 58.5 (56.3–61.3) 1.4 (1.0–1.8) 0 (0–0) 

Service capacity and 
access subindex 

12.0 (9.0–16.0) 13.5 (10.0–17.0) 21.0 (17.0–25.5) 28.0 (20.0–35.6) 2.9 (2.3–3.3) 0 (0–0) 

Composite universal 
health service 
coverage index 

15.3 (10.7–21.0) 28.0 (23.9–32.6) 45.9 (39.2–52.6) 64.7 (52.6–75.2) 5.7 (3.2–8.3) 0.4 (0.3–1.0) 

CrI: credible interval. 

a Coverage was derived using a Bayesian linear regression model. 
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Fig. 1. Trend in, and projection of, the universal health service coverage index, 
Ethiopia, 2000–2040 

 
Note: Observed and projected trend lines were derived using a Bayesian linear regression model. The 
blue dots indicate observations for 2000, 2005, 2010, 2015, 2017, 2019 and 2021. 
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Fig. 2. Trends in, and projections of, universal health service coverage 
subindices, Ethiopia, 2000–2030 

 
Note: The universal health service coverage index is derived from the reproductive, maternal, 
neonatal and child health subindex, the infectious disease subindex, the noncommunicable disease 
subindex and the health service capacity and access subindex. Observed and projected trend lines 
were derived using a Bayesian linear regression model. The blue dots indicate observations for 2000, 
2005, 2010, 2015, 2017, 2019 and 2021. 
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Fig. 3. Trend in, and projection of, antiretroviral therapy coverage, Ethiopia, 
2000–2030 

 
ART: antiretroviral therapy. 

Note: Observed and projected trend lines were derived using a Bayesian linear regression model. The 
blue dots indicate yearly observations between 2005 and 2022. 

 


