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Background: Investment in primary health care (PHC) to achieve universal health coverage (UHC) and better health outcomes 
remains a key global health agenda. This study aimed to assess the effects of PHC spending on UHC and health outcomes.
Methods: The study used the Grossman Health Production Model and conducted econometric analyses using panel data from 2016 to 
2019 covering 34 countries in SSA. Fixed and random effects panel regression models were used for the analyses. All the analyses in 
this study were carried out using the statistical software package STATA Version 15.
Results: We found that PHC expenditure has a positive significant but inelastic effect on UHC and life expectancy at birth and 
a negative effect on infant mortality. Both the fixed and random effects models provided a robust relationship between PHC 
expenditure and UHC and health outcomes. Education, access to an improved water source, and the age structure of the population 
were found to be strongly associated with health outcomes.
Conclusion: The inelastic nature of the PHC expenditure means that the UHC goal might only be achieved at high levels of PHC 
expenditure. This implies that policymakers must make conscious effort to increase PHC expenditure to ensure the attainment of the 
UHC goal.
Keywords: primary health care expenditure, universal health coverage, health outcomes, fixed effects, random effects, sub-Saharan 
Africa

Background
Health is a major determinant of workers’ productivity, human economic welfare, economic growth, and development of 
every nation.1,2 According to the neoclassical endogenous growth model, good health improves human capital which has 
a positive effect on workforce productivity in the long run.3 In addition, individuals derive utility from good health.4 

Good health increases their returns from investments in productive activities.5 The need to ensure health for all is duly 
recognized by the Sustainable Development Goal 3.8: universal health coverage (UHC) which assures all persons to have 
access to quality essential health care services without suffering from financial hardship. World leaders have demon
strated their commitment at several fora to invest in primary health care (PHC) towards achieving UHC, healthier 
populations, and health security to ensure that all people, rich or poor, would have equitable access to quality health care 
services without suffering financial hardship.6–8

PHC is defined in the Alma-Ata Declaration as “essential health care based on practical, scientifically sound and 
socially acceptable methods and technology made universally accessible to individuals and families in the community 
through their full participation and at a cost that the community and country can afford”.9 PHC remains the core of any 
well-functioning health system that strives to achieve the goals of better health, equitable access to health services, 
financial protection, and responsiveness.10,11
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Health spending in most countries is geared towards secondary and tertiary care, with large amounts of money spent 
on expensive medical equipment and medicines that often deliver modest health gains.12 However, it is estimated that up 
to 90% of all essential health care services can be delivered through PHC, and that investing in PHC could increase 
global life expectancy by as much as 6.7 years by 2030.13 There is a plethora of evidence that shows that health systems 
that are built around PHC report lower hospital admissions, better health outcomes at a lower cost, and are more resilient 
in mitigating the negative impact of economic and health shocks.9,14–16 For instance, Starfield et al noted that a strong 
PHC system has a positive effect on health service coverage and health outcomes by preventing diseases, advancing 
equity, and enhancing health security.16 Many developed and developing countries have undertaken health reforms in 
their quest to achieve the UHC goal.17 Although the pathways to achieving a healthier population, health security, and 
UHC may vary from country to country, the consensus is that investment intended to establish a strong PHC is the 
starting point for all.15,18–20

Current improvements in national health accounts, data sources, and methodology have made it possible to extract 
PHC expenditure from total health expenditure.27 The System Health Account defines PHC expenditure as the summa
tion of three categories of healthcare expenditure: “all expenditures by PHC service providers, expenditures on PHC 
preventive services, and a proportion of administrative expenditures based on the ratio of PHC services expenditure to 
non-PHC service expenditure”.12,28 In most SSA countries, PHC expenditures are financed through various forms of 
taxation, insurance premiums, and direct out-of-pocket payments for PHC services by uninsured persons.

Given the support for PHC and the benefits of PHC in improving UHC and health outcomes, it is imperative to be 
guided by evidence-informed PHC policies. However, there is limited empirical evidence on the effects of PHC 
expenditures on UHC and health outcomes. Previous empirical studies have examined the effects of total health 
expenditures, public health expenditures, and private health expenditures on health outcomes.21–24 However, there is 
no empirical evidence linking PHC expenditures to UHC and health outcomes. This study seeks to fill this gap.

Methods
The Framework
The two main approaches used to study the effect of health expenditure on health outcomes are Grossman’s health 
production function and human capital models.4,29 The classical production function shows the maximum output that can 
be produced with a given input(s). The health production function model posits an individual’s health depends on several 
factors, some of which can be influenced by the individual himself. The model asserts that individuals engage in health- 
producing activities (such as visits to the physician, COVID-19 shots, x-rays, blood tests, physical exercises, and nutrient 
intakes) using their own time and other inputs. Therefore, health can be “produced”. According to the model, an 
individual’s health is influenced by their initial health stock, the level of health care service utilization, and other factors 
as expressed in Equation [1]:

H ¼ f α;D;Xð Þ (1) 

Where α represents the individual’s initial health stock which is influenced by such factors as genetic makeup and 
community endowments such as access to clean water; D denotes the individual’s demand for health care services; and 
X is the vector of other factors which include economic and social variables such as income and education.

Though this theoretical model is designed for the analysis of health production at the micro-level, it can be used at the 
macro level without losing its theoretical foundation.22,30 At the macro-level analysis, the health production inputs are 
grouped into economic, social, environmental, and health service utilization variables, which are mostly represented at 
their per capita levels as given in Equation [2].

H ¼ f Y ; S;E;Dð Þ (2) 

where H is a vector of health outcomes per capita; Y is a vector of economic variables per capita; S is vector of social 
variables per capita; E is vector of environmental variables; and D is a vector of health service utilization variables. The 
scalar form of Equation [2] can be given as in Equation [3].
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H ¼ f y1; y2; . . . ; yn; s1; s2; . . . ; sn; e1; e2; . . . ; en; d1; d2; . . . ; dnð Þ (3) 

where Y ¼ ðy1; y1; . . . ; ynÞ; S ¼ s1; s2; . . . ; smð Þ; E ¼ e1; e2; . . . ; ekð Þ; and D ¼ d1; d2; . . . ; dlð Þ represent the variables in 
each sub-group, respectively. With the application of calculus, Equation [3] can be transformed in an explicit form by 
formulating probability density for the y, s, e and d variables as given in Equation [4].

H ¼ α
Y

yi
ðβiÞ
Y

sj
ðδjÞ
Y

ek
ðφkÞ
Y

dm
ðymÞ (4) 

Where β, δ, φ, and γ are elasticities; π is the probability density function; and α denotes the initial health stock in the 
Grossman (1972) model. Taking the logarithm of Equation [4] yields Equation [5].

lnH ¼ lnαþ∑βiðlnyiÞþ∑δjðlnsjÞþ∑φkðlnekÞþ∑ymðlndmÞ (5) 

where ln is the natural logarithm operator; ∑ denotes the summation of all the variables in each sub-category. In an 
empirical analysis, the number of variables to be included in each sub-category is determined by the availability of 
reliable and sufficient data. Based on this principle, we chose PHC expenditure per capita ðy1Þ PHC½ � and gross domestic 
product (GDP) per capita ðy2Þ GDP½ � to represent economic factors; education s1ð Þ EDU½ �, the proportion of the popula
tion aged 65 years and aboveðs2Þ PS1½ �, and proportion of the population aged between 14 and 64 years ðs3Þ PS2½ � were 
chosen to represent social factors; environmental variables used were the proportion of the population with access to 
clean water e1ð Þ WAT½ � and access to proper sanitation e2ð Þ SAN½ �, and health care service utilization variable was measles 
immunization rate among children aged between 12 and 23 months d1ð Þ IMM½ �.

Data and Variables
The study used panel data from 2016 to 2019 on 34 SSA countries. The selection of these 34 countries was based on data 
availability. The data were obtained from three main sources: World Bank’s World Development Indicators,31 World 
Health Organization’s Global Health Expenditure Database,32 and United Nations Development Programme.33

We employed three health outcomes – universal health coverage (UHC) index, life expectancy at birth (LEB), and 
infant mortality rate (IMR). Since the direct measurement of health status has proved to be difficult,34 many researchers 
use the UHC index, life expectancy at birth, and mortality rates to represent the health status of the 
population.22,25,30,35,36

The UHC index was computed as a geometric average of two indices, the health service coverage (SC) index and the 
financial risk protection (FP) index, as recommended by the joint WHO and World Bank monitoring framework.37 The 
SC index, extracted from the WHO database, combines 14 comparable tracer indicators of health service into a single 
summary index. These indicators relate to reproductive, maternal, and child health; non-communicable diseases; 
communicable diseases; and service capacity and access.38 Due to data limitations on catastrophic and impoverishing 
health expenditures to measure the financial risk protection (FP) index as recommended in the UHC monitoring 
framework, we followed Jordi et al35 and used the complement of out-of-pocket payment [(1-OOP)/CHE] measured 
as a share of current health expenditure (CHE) as a proxy for FP index. Thus, the UHC index was constructed in one 
simple step: a simple geometric average of the SC index extracted from World Health Organization’s database and the FP 
index generated from out-of-pocket health spending [ie SC � FPð Þ

1
2].

Life expectancy at birth is measured as the average number of years a newborn is expected to live if prevailing 
patterns of mortality remain the same throughout its life. The infant mortality rate indicates the number of infant 
(younger than one year) deaths for every 1000 live births. Though the UHC index is considered a preferred measure of 
population health relative to life expectancy and mortality rates since it is seen to better reflect the population health,39,40 

life expectancy at birth and infant mortality rate were also used in the analyses for robustness checks of the results.
We used PHC expenditure per capita at a constant 2000 US$ to measure the level of investment in PHC. The data was 

sourced from WHO’s Global Health Expenditure Database which provides a comparable health expenditure for all 
member countries using the System of Health Accounts standards,12 which were jointly developed by WHO, the 
Organization for Economic Co-operation and Development (OECD), and the United States Agency for International 
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Development.12 Higher PHC per capita is expected to relate to higher UHC index and life expectancy at birth and lower 
infant mortality. The data sources of all the control variables are reported in Table 1.

Estimation Techniques
For the econometric estimation of this study, we re-specify Equation [5] in a panel form as follows:

Hit ¼ αi þ β1PHCit þ β2GDPit þ δ1EDUit þ δ2PS1it þ δ3PS2it þ φ1WATit þ φ2SANit þ γ1IMMit þ εit (6) 

Where Hit represents the three health outcome variables in the country i at time t and εit is the error term.
We estimated Equation [6] using the pooled least squares (OLS), the generalized least squares (GLS) random effect, 

and GLS-fixed-effect models. We carried out the Breusch and Pagan Lagrange Multiplier (LM) test to choose between 
pooled least square (OLS) versus GLS-random/GLS-fixed-effects models.41 Further, we conducted the Hausman test to 
choose between GLS-random effects and GLS-fixed effects estimators.42 Again, we conducted a White test to identify 
potential heteroscedasticity problems.43 All the tests and analyses in this study were carried out using the statistical 
software package of STATA Version 15.

Results of the Study
Descriptive Statistics
The descriptive statistics of the selected health outcome and explanatory variables are presented in Table 1. The average 
PHC expenditure per capita in SSA was estimated at $80. Seychelles recorded the maximum PHC expenditure per capita 
($491.6) and the minimum ($10.2) was recorded in the Democratic Republic of Congo in 2018 (see Figure 1 for the 
distribution).

The UHC index ranges from a minimum of 30.53 (in Nigeria) to a maximum of 79.49 (in South Africa) with an 
average index of 55.02. Life expectancy at birth ranges from a minimum of 51.59 years in the Central Africa Republic to 
a maximum of 74.52 in Mauritius. However, infant mortality per 1000 live births is the smallest in Seychelles (12.3) and 
the highest in Sierra Leone (89.7) over the period of the study. The wide distribution of most of these variables suggests 
that health systems in the SSA region are quite heterogeneous (see Appendix 1 for a detailed descriptive statistics of the 
outcome variables and PHC expenditure per capita across countries and time).

Further, Table 1 shows that the educational level which is calculated as an index of mean years of schooling and 
expected years of schooling in each country ranges from a minimum of 0.233 (Niger in 2016) to a maximum of 0.736 
(Mauritius in 2019), with an average value of 0.48. Population aged 65 plus and those within the age bracket of 15–65 
averaged 3% and 56%, respectively. Approximately 69% and 38% of the population had access to improved water 

Table 1 Descriptive Statistics of the Variables (2016–2019)

Variables Mean Std. Dev. Minimum Maximum Source

UHC index 55.02 12.67 30.53 79.49 WHO
Life expectancy at birth 63.06 5.17 51.59 74.52 WDI

Infant mortality rate 44.97 18.97 12.3 89.70 WDI

PHC expenditure per capita 79.99 99.04 10.20 491.60 WHO
GDP per capita 5628.43 6169.02 884.50 27,611.10 WDI

Educational level 0.48 0.13 0.233 0.736 UNDP

Population aged 65 and above 3.44 1.69 1.90 11.99 WDI
Population aged between 15 and 64 56.29 5.20 47.26 70.74 WDI

Access to improved water source 69.02 16.17 38.21 99.87 WDI
Access to improved sanitation 37.74 23.67 7.78 100 WDI

Measles immunization rate 79.03 15.28 47.0 99.00 WDI

Abbreviations: PHC, Primary Health Care; UHC, Universal Health Coverage; GDP, Gross Domestic Product; WHO, World Health 
Organization; WDI, World Development Indicators; UNDP, United Nations Development Programme.
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sources and improved sanitation facilities, respectively. On average, measles immunization rate among children between 
the ages of 12 to 23 months was 79±15%.

Model Estimates
The Breusch and Pagan Lagrange Multiplier (LM) test favored the GLS specifications for all the three models. Though 
the Hausman test results favored the GLS-fixed effects, we reported both the GLS-fixed (Table 2) and GLS-random effect 
(Table 3) models for comparison and robustness checks purposes. Nonetheless, the interpretation and discussion of the 
results focus on the results of the fixed effect model. The robust standard errors were used for both fixed and random 
effect models to correct for any potential heteroscedasticity problem.43 From Table 2, the results of the R-squared 
indicate that approximately 51%, 78%, and 75% of the variations in the UHC index, life expectancy at birth, and infant 
mortality rate, respectively, were due to variations in the explanatory variables used in the study. Further, the significance 
of the F-statistics suggests that the models better fit the dataset used in the empirical analyses in this study. Since the 
models are log-log models, the coefficients represent the elasticities of the health outcome (dependent) variables with 
respect to the explanatory variables.
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Figure 1 Primary Health Care (PHC) expenditure per capita (US$) in SSA – 2016–2019.
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Primary Health Care (PHC) Expenditure and Universal Health Coverage (UHC)
Tables 2 and 3 report the results of the fixed effects and random effects models, respectively, for all the three health 
outcomes. The results show that an increase in PHC expenditure improves the UHC index at a 1% significance level. 
Specifically, a 1% increase in PHC expenditure per capita leads to an improvement in the UHC index by approximately 
0.14. The findings of the study suggest that increasing investment in the primary health care sector remains an important 
step towards achieving the UHC in SSA.

Primary Health Care Expenditure and Life Expectancy at Birth
Again, Tables 2 and 3 show that an increase in PHC expenditure was more likely to increase life expectancy at birth, 
albeit marginally and at a significance level of 5% in the fixed effects model and 10% in the random effects model. This 
implies that the elasticity of PHC spending with respect to life expectancy at birth over the period covered by the study 
was 0.008. Though this value in absolute terms is lower, it conforms to the findings of previous studies that health care 
expenditure is a major determinant of life expectancy at birth.21–23,25 For example, Arthur and Oaikhenan found the 
elasticity of total health expenditure with respect to life expectancy at birth to be 0.015 with a similar level of statistical 
significance.22

Primary Health Care Expenditure and Infant Mortality Rate
The findings suggest that primary health expenditure was more likely to reduce infant mortality rate with a 1% level of 
significance (Table 2). Specifically, an increase in PHC expenditure by 1% reduced the infant mortality rate by 
approximately 0.03% for both fixed effects and random effects models. In other words, the elasticity of PHC expenditure 
with respect to infant mortality rate was estimated at 0.03 in sub-Saharan Africa (SSA).

Table 2 The Effect of Primary Health Expenditure on UHC and Health Outcomes (Fixed Effect)

Generalized Least Squares: Fixed Effects Model

Variables UHC LEB IMR

PHC expenditure per capita 0.141*** 0.008** −0.028**

(0.043) (0.003) (0.012)
GDP per capita 0.048 0.008 −0.190**

(0.122) (0.012) (0.080)

Education 0.047 0.392*** −1.950***
(0.643) (0.120) (0.686)

Population aged 65 and above −0.013 −0.005** 0.069**

(0.015) (0.002) (0.030)
Population between 15 and 64 years −0.410 0.726*** −1.858**

(0.815) (0.180) (0.839)

Access to improved water source 0.389* 0.088* −0.441**
(0.225) (0.047) (0.180)

Access to sanitation services −0.019 0.009 −0.005

(0.103) (0.017) (0.084)
Measles immunization rate 0.110 −0.022 0.041

(0.081) (0.019) (0.066)

Constant 2.669 0.647 15.242***
(2.507) (0.603) (2.837)

F-Stat. (8, 33) 2.74** 19.43*** 21.89***

R-squared 0.507 0.782 0.748

Observations 136 136 136
Number of cross-sections 34 34 34

Notes: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. 
Abbreviations: PHC, Primary Health Care; UHC, Universal Health Coverage; LEB, Life Expectancy at Birth; IMR, Infant 
Mortality Rate; GDP, Gross Domestic Product.
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This result was expected as PHC expenditures are more geared towards reproductive, maternal, and child health 
services. These results are also consistent with the findings of previous studies which also found health expenditure to be 
a major determinant of infant mortality rate.21–24 For instance, Bein et al found a significant negative relationship 
between health spending and infant mortality in SSA.24 However, Filmer and Pritchett found no statistically significant 
relationship between these two variables.26

In addition, the results from both the random and fixed effects models show a significant negative effect of GDP per 
capita on the infant mortality rate, suggesting the importance of income in improving the health outcomes of infants. 
Specifically, a 1% increase in GDP per capita reduces infant mortality rate by 0.19%. Education and access to improved 
water also play significant role in reducing infant mortality in SSA. From Table 2, a 1% increase in educational level and 
access to improved water source leads to a 1.95% and a 0.44%, respectively, reductions in infant mortality rates.

Discussions of the Results
Evidence shows that investments in PHC systems have the potential to improve health service coverage and health 
outcomes by preventing diseases, advancing equity, and enhancing health security. The aim of this study was to examine 
the effect of PHC expenditure on UHC, life expectancy at birth, and infant mortality rate in SSA using the Grossman’s 
(2000) health production theoretical model. The empirical model was estimated using fixed and random effects models.

The results indicate that PHC expenditure has a significant, but inelastic, effect on improving UHC and life 
expectancy at birth and reduction in infant mortality rate. These findings from the results conform to both a priori 
expectations and the findings of previous studies.4,21,22,44 The inelastic effect of health spending on all the health 
outcome indicators used in this study may be an indication of the existence of categories of health spending which creates 

Table 3 The Effect of Primary Health Expenditure on UHC and Health Outcomes (Random Effects)

Generalized Least Squares: Random Effects Model

Variables UHC LEB IMR

PHC expenditure per capita 0.148*** 0.007* −0.027***

(0.038) (0.004) (0.010)
GDP per capita −0.039 0.000 −0.132**

(0.077) (0.015) (0.065)

Education 0.370 0.213** −1.496**
(0.260) (0.088) (0.649)

Population aged 65 and above −0.025*** −0.007** 0.059**

(0.008) (0.003) (0.027)
Population aged between 15 and 64 years 0.060 0.720*** −2.272***

(0.561) (0.163) (0.781)

Access to improved water source −0.061 0.087* −0.377**
(0.171) (0.048) (0.156)

Access to improved sanitation services 0.070 0.002 −0.004

(0.064) (0.017) (0.087)
Measles immunization rate 0.205** −0.013 0.017

(0.086) (0.021) (0.072)

Constant 2.521 0.819 16.079***
(1.931) (0.547) (2.669)

Wald X2 test 79.50*** 166.47*** 213.57***

R-squared 0.547 0.769 0.744

Observations 136 136 136
Number of cross-sections 34 34 34

Notes: Robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1. 
Abbreviations: PHC, Primary Health Care; UHC, Universal Health Coverage; LEB, Life Expectancy at Birth; IMR, Infant Mortality Rate; GDP, 
Gross Domestic Product.
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a different magnitude of impact on different health outcomes.21 This calls for more studies to illuminate our under
standing. Another possible reason is that different health outcomes are influenced by different factors that are external to 
the healthcare system such as education and income, particularly in low-income settings.44 This study confirms this 
assertion. For instance, the elasticity of education with respect to life expectancy at birth and infant mortality rate are 
0.392 and −1.95, respectively, at a 1% significance level but shows no such statistically significant association with UHC 
(see Table 2). Besides education, access to improved water, and proportion of the population between ages of 15 and 64, 
and those aged above 65 years have significant effects on life expectancy at birth. While access to improved water source 
and proportion of the population between ages 15 and 64 positively influence life expectancy at birth, proportion of the 
population aged above 65 exert negative impact on same.

One limitation in this study is that there are not enough time series observations for PHC expenditure per capita for 
SSA countries, which otherwise would have improved the panel data analyses. The proxies used to measure the health 
outcomes, particularly life expectancy at birth and infant mortality rate were not able to capture information on morbidity 
and disability. However, the inclusion of the three different health outcome variables was enough to allow for robustness 
results. Though these limitations may serve as the bases for future research, they do not in any way render the results of 
this study invalid.

Conclusion and Policy Implications
The policy implications from the findings of the study include the need for governments in SSA to increase investment in 
PHC sector since it is an essential component in improving UHC and health outcomes. The inelastic nature of PHC 
expenditure means that the UHC goal might only be achieved at high levels of PHC expenditure. This implies that policy 
makers must make conscious effort to increase PHC expenditure to ensure the attainment of the UHC goal.

Again, the results suggest that PHC expenditure is but one component in the larger health care system. The findings suggest 
that socioeconomic and environmental factors such as education, access to improved water source, and income are important 
determinants of health outcomes. Thus, if the health system policy goals are to achieve UHC in 2030 and improve the health 
status of the population, then the socioeconomic and environmental factors such as education and income levels must attract 
the attention of policy makers. Policies that strengthen the quality of education systems and improve access to basic social 
amenities such as clean water need to engage the attention of governments and other stakeholders of the health sector.
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