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HEALTH EXPENDITURE AND ECONOMIC COMPLEXITY: A PANEL GMM APPROACH FOR SELECTED AFRICAN COUNTRIES                                       
                                       			OGUNDOKUN E.O. and ABERE S.S.
Abstract: This study examines whether health expenditure affects economic complexity in selected African Countries (SACs) between 1998 and 2023.  Economic complexity, which refers to the capacity of a country to productively produce a large set of sophisticated economic activities, is vital for economic development. Health, as a fundamental element of human capital, plays an essential role in enhancing productivity and thereby fostering economic development. Using a panel Generalized Method of Moments (GMM), this study analyses data from 28 SACs. The findings reveal health expenditure has a significant but adverse influence on economic complexity. This implies that there may be no increase in economic complexity notwithstanding an increase in health expenditures in the short-run or may unconsciously reduce economic complexity. This negative effect contrasts with the positive influence in a-priori expectation on economic complexity, and thus, portrays the persistent nature of sophistication in SACs. Also, the study finds significant effects of other variables such as exports, institutional quality and gross capital formation on economic complexity, while foreign direct investment shows no substantial effect. The results emphasise the need for balanced investment in health and other sectors to achieve substantial economic complexity, and subsequently, sustainable economic development. The study recommends eradication of corruption in public health investment by strengthening institutions to function optimally. Consequently, funding to the health sector should be increased to enhance health outcomes and support economic complexity in SACs.
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1.	Introduction
Globalization has brought about dynamism and complexity in the modern days. Hence, adoption of new ways of production and value creation has become essential to catch up with the rest of the world. Economic complexity refers to how much knowledge is expended to produce something in an economy. It refers to the hidden capabilities, which are important attributes to sustain the productive framework. Measuring the capabilities underlining economic complexity directly is difficult by nature; however, indirect measures have been proposed which rely on the idea that capabilities are reflected in a country’s product mix (Utkovski et al., 2018). According to Hidalgo and Hausmann (2009), economic complexity refers to the idea that complex economies (those with many productive capabilities) can produce many sophisticated products.
Economic complexity in a country relates to the production of local knowledge-based products and the extent to which the country’s exports are diversified. As a result, emphasis is laid on the diligent employment of technological expertise in product diversification with a view to integrate it into domestic consumer markets, as well as international markets. The production of any country is not just a demand of applying knowledge to the production process, but it can also relate to export diversification and the expected distribution of capabilities among countries (Utkovsklbi et al. 2018).
The critical role of health in economic complexity cannot be overstated. Good health is an essential element that enables a person to achieve their highest potential. A healthy lifestyle fosters confidence and self-esteem. Economic development depends on health at the macro level (Mehmood et al., 2022). Improved health is a significant contributor to productivity enhancement - Siddique et al. (2020). A healthy worker is an individual who has the required physical and mental faculties for efficient work, thus increasing production. Healthcare investment improves workers’ health and helps control chronic diseases, thus yielding high return in labour productivity. Nations that do not have good health conditions find it difficult to develop continuously. When people are healthy, the economy grows. This is so because; people are more productive, and we can obtain natural resources that people could not work on because they are sick. Also, children of sick parents cannot go to school or learn well. This will waste resources that would have been used for healthcare (Folahan & Awe, 2014).
According to the World Health Organization (WHO) (2021), health is defined as a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity. Health holds a critical place in the well-being of the individual. Since the individual is a building block of a nation, the healthcare may be termed as a basic necessity for achieving sustainable long-run economic growth (Matthew, 2015). Health refers to the complete physical and mental status of the human body with respect to the absence of diseases, injuries or disabilities. However, there is no gainsaying the fact that expenditure on health affects other components of aggregate expenditure. With its multiplier effect, increased health expenditure leads to an increase in total expenditure and aggregate demand (Harris, 2000). Moreover, the health sector is also an important source of employment in an economy.  An increase in health expenditure leads to an increase in employment and total income of the people working in the health sector.  This increases spending, which increases aggregate demand.
Even though a growing literature has been used to analyse the nexus among economic complexity, growth and productivity, there has been minimal consideration of the role of social sector investments especially the role of health expenditure in contributing to the ability of a country to be productive in terms of sophistication. The empirical studies that have been conducted hitherto have been more focused on the interconnection among health spending, productivity, life expectancy, and economic growth (Oni, 2014; Boachie and Ramu, 2015; Arthur and Oaikhenan, 2017; Mehmood et al., 2022), whereas the possibilities of health spending in fueling the accumulation of knowledge and structural diversification, which are the foundations of economic complexity, were not considered. Similarly, the research into the determinants of economic complexity (for example, Ullah et al., 2023; Okombi and Tsinguia-Kenfack, 2023; Ali et al., 2024; Zhang et al., 2024) has mostly focused on the influence of foreign direct investment, institutional quality, trade openness, and renewable energy. Nevertheless, human capital formation and the investment in the health sector as the factors that contribute to complexity and structural change have received little attention in these analyses.
This neglect is especially severe when it comes to the developing economies, especially African countries, where women weaknesses in the health system and inefficiency in the public health expenditure could prevent the creation of the knowledge-based and diversified production base. The existing empirical evidence, therefore, provides a significant gap in the connection between health expenditure and development of economic complexity- whether better health spending can create greater productive sophistication- or not. To fill this gap, this paper studies how health spending affects the complexity of the economy in the chosen African economies. The analysis uses the Generalized Method of Moments (GMM) framework so as to deal with the possible endogeneity and dynamic feedback problems. By doing this, the study contributes to the body of empirical research on the role of investments in health in enhancing economic sophistication, innovation and structural transformation in the developing regions.
The selected African countries used are Algeria, Angola, Bostwana, Burkinafaso, Cameroon, Chad Congo, Cote De Voire, Dr-Congo, Egypt, Gabon, Gbana, Kenya, Libya, Mali, Mauritania, Morroco, Mozambique, Namibia, Nigeria, Niger, South Africa, Sudan, Tanzania, Togo, Tunisia, Uganda, Zambia and Zimbabwe. These countries are selected based on the availability of data in World Bank (2022) and the Atlas of Economic Complexity database.
2.	Literature Review
A concept that was developed by Hausmann et al. (2007) is known as economic complexity; measurement of productive knowledge in an economy and diversity and sophistication of the export structure. These scholars state that countries with more economic complexity are likely to have more sustainable economic growth mostly due to the diversified and knowledge-based production structures that benefit ease of doing business, competitiveness and innovation (Hidalgo and Hausmann, 2009; Simoes and Hidalgo, 2011). Another popular measure of quantifying this phenomenon is the Economic Complexity Index (ECI) developed by Hidalgo and Hausmann (2009).
In line with literature on economic complexity, extensive empirical evidence has been given on the connection among health, productivity and economic growth. An example is that Mehmood et al. (2022) explored how health affects labour productivity in South Asian economies between 1991 and 2019 on a panel fixed effects model with the Generalized Method of Moments (GMM). Their findings showed that health and education improvement have a positive and statistically significant influence on productivity. Shahbaz et al. (2019) also made similar conclusions by using non-parametric cointegration and multivariate Granger causality tests in 16 Sub-Saharan African countries. They discovered that improved health results boost labour productivity and are a catalyst to economic growth which underscores the need to improve the medical systems so as to sustain economic growth.
In the Nigerian case, Oni (2014) studied the impact of health expenditure on economic growth with annual data and applied least squares estimation strategy. The results indicated that gross capital formation and total health expenditure had a strong positive association with economic growth, but life expectancy had weak negative relationship with economic growth. A similar result of the study of Odior et al. (2016) based on a cointegration framework found that government investment in education positively influenced the growth of output, and government investment in health had a negative impact on GDP, which is contributed majorly by the low life expectancy in the country and ineffective financing of health services. Folahan et al. (2014) further explain based on their research on the determinants of health expenditure in Nigeria that was conducted between 1976 and 2010 where they utilized cointegration and error-correction model. Their results established that medical personnel and facilities availability exercised a long run positive effect on health spending unlike the prevalence of malaria, HIV/AIDS and tuberculosis which did not exhibit a significant long term effect on expenditure pattern. The authors explained this by the prevalence of the recurring expenses like salaries in the Nigerian health budget thus there were few funds available to develop and maintain the infrastructure.
Gabani et al. (2022) built on the discussion with a cross-country panel study on the effects of various health financing mechanisms on health outcomes. They used the classification of the countries by the predominant financing systems, that is. out-of-pocket, social health insurance, or government-funded, to find that transition to the systems with the predominance of the former made substantial improvements in life expectancy, but the systems with the predominance of the latter did not do so. The positive relationship between health spending and life expectancy is supported with evidence on other African economies. Exploring the data of Ghana (1990-2012) with the help of the ordinary least squares estimator, Boachie and Ramu (2015) realised that public health expenditure had a considerable impact on reducing the infant mortality even after considering the income, literacy and participation of female labour. Equally, Arthur and Oaikhenan (2017) studied 40 SSA countries, based on the Grossman Human Capital Model, through a fixed effects estimation. Their findings affirmed that health spending is a determinant to better health outcomes, that is, reduced mortality rates and increased life expectancy and found that there is a complementary relationship between government and non-government spending on health.
Yahaya et al. (2024) used the data on 125 developing countries (19952012) to examine the correlation between the environmental quality and the per capita health expenditure. Using panel cointegration and GMM estimation, they concluded that CO 2 emission had been the main factor in determining health spending, with the long-term dynamics overshadowing the short-term dynamics. In a similar manner, Sirag et al. (2017) also demonstrated that in low- and lower-middle-income nations, life expectancy increases by means of publicly provided health financing and declines when relying heavily on the expenditure of private or OOP funds. Their results also highlight the mediational nature of environmental quality among establishing health outcomes. Efficiency of government spending on health and education is also an issue which has drawn empirical attention. Prasetyo and Zuhdi (2013) conducted the analysis of the effectiveness of transitions between the use of public spending and human development based on 81 countries, using Data Envelopment Analysis (DEA). Their study found Singapore, Zambia, and a number of developed and developing economies as efficiency frontiers, which may indicate that the effective resource management can greatly improve human development outcomes.
Recently, other works have factored in environmental and structural variables in economic complexity analysis. Ullah et al. (2023) considered the role of economic complexity, foreign direct investment (FDI) and renewable electricity in environmental sustainability (in BRICS-T countries) as a factor of load capacity in 1990-2018. Based on a nonlinear ARDL model, they indicated that, even though renewable energy enhances the quality of the environment both in the short and long run, the impact of FDI and the level of economic complexity is mixed varying with the type of shock. Similarly, Okombi and Tsinguia-Kenfack (2023) examined the association between FDI and the economic complexity of 33 developing nations (20072020) with the GMM estimation. Their findings showed that FDI in secondary and tertiary sectors and public investment in education improve the economic complexity, but FDI in primary sectors does not have significant outcomes.
Other works are by Ali et al. (2024) who estimated the interactions between governance, economic complexity, growth, environmental quality, biomass energy and human development across BRICS-T countries using pooled mean group estimator and common correlated effects mean group estimator. Their results included the fact that good governance, economic growth and biomass energy are beneficial to human development, but economic complexity and environmental degradation are negative. The authors Aydin et al. (2024) also took this research question to the United States (1995 2019) where they applied the Fourier-augmented ARDL estimation and concluded that mortality due to air pollution is reinforced by plastic consumption, dependence on natural resources, healthcare expenditure, and economic complexity but reduced by renewable power. Lastly, Zhang et al. (2024) analyzed the natural resource-economic complexity-growth nexus in 20 G-20 economies (19902021) by the second-generation cross-sectionally augmented ARDL model. Their findings revealed that the negative risks to economic growth are associated with the natural resource dependence, economic complexity, corruption, and gross capital formation, and that an overdependence on resource rents and price-volatile industries will limit the long-term growth.
[bookmark: _Toc167370628][bookmark: _Toc167370629]3.	Methodology
3.1	Theoretical Framework
The endogenous growth model (EGM) is a distinct variant of Solow model as it entails human capital. Hence, the EGM is a modified version of Solow growth model with human capital (which encompasses health and education). Thus, in taking cognisanse of how human capital affects economic growth, human capital is included in the production function.


 α, β > 0; α+ β< 1
where Y(t) = output at time t, K(t) = physical capital and it is the number of productive services supplied by workers, L(t) = Labour. The intensive form of the model becomes: 


Equation (2) is the output per unit of effective labour such that h(t) denotes per capita human stock in which health is an active component. Since attention is placed on the capital stock per unit of effective labour (k) as the economy tends to grow over time, thus, the capital stock per unit of effective labour is:


Simplifying Equation (3), it becomes:


Similarly, consider a case where attention is focused on the human capital per unit of effective labour (hit) rather than the unadjusted human capital {H(t)}. Hence, the human capital per unit of effective labour is expressed as:


Simplifying Equation (6) yields:


Equation (7) is the balanced-growth-path value of k. Thus, the higher the saving rate in physical capital (sk), the higher would both k* and h* be in the economy. Also, the balanced-growth-path value of h is:



Thus, the higher the saving rate in human capital (sh), the higher would both k* and h* be in the economy. Recall . Hence,


For conciseness, represent (1-α-β) by A,  by  K and by H  such that Equation (9) becomes (10)


Simplifying Equation (10) it becomes:


Replacing the actual values of K, H and A. Equation (11) becomes:


Equation (12) implies that the respective contribution of the saving rates (sk and sh) depend on the proportions of physical and human capital. As a result, the larger α is interpreted as a greater importance of sk. Similarly, the larger β is interpreted as a greater importance of sh. The equation shows production per worker is affected due to human capital due to improved health and education. Economic complexity is said to be an extension of endogenous growth theory (Cristelli et al., 2013; Stojkoski & Kocarev, 2017; Hidalgo, 2019). Endogenous growth theory has been used by the studies to show the connection between economic development and economic complexity. Ferraz and Moralles (2022) define economic complexity regarding the exporting of high-tech products and spending on R&D (2020). As a result, economic complexity can be regarded as an upgrade in the industrial performance of the nation to enhance exports. We can say that any factor affecting economic complexity will affect economic growth too. The effect of human capital (health complication) on economic complexity (EC) can be reflected by replacing y(t) in Equation (12) by EC(t). The outcome is articulated in Equation (13).


Thus, the first term on the right in Equation (13) stands for all the factors other than human capital that determine the economic complexity while the second term stands for the impact of human capital or health-related problems on economic complexity.
3.2	Model specification
The baseline model for this study is stated as follows:

Where ECit denotes economic complexity, Hit denotes human capital which comprises of both health expenditure and life expectancy, Kit represents the control variables, that is, all other factors affecting economic complexity other than capital. Hence, Equation (14) is re-stated as Equation (15)

In an attempt to determine the relationship between health expenditure and economic complexity in SACs, this study controls for the effect of life expectancy in the model such that Equation (15) is re-specified as in Equation (16)


By incorporating the control variables (which are represented by Kit into Equation (16), it yields Equation (17)


[bookmark: _Hlk155871270]Where: HEit = Health Expenditure, Xit= Export value, INQit= Institutional quality, FDIit = Foreign Direct Investment, GCFit= Gross Fixed Capital Formation.
Expressing Equation (17) in explicit form, it becomes Equation (18)



Where i= 1,2,3,…5   
Therefore,


[bookmark: _Hlk155871098]Where δt= attributes of a particular country that vary over time, λi = attributes of a individual country that do not change over time, that is individual specific effect, ∑it = the error term and it takes care of the other factors that are not captured in the model, α0 –α5 = parameters of the model to be estimated. Other variables as earlier stated. Based on the fact that the level of complexity of a country is a function of its prior level of complexity, the static model in Equation (19) is re-stated as a dynamic model in Equation (20).


Meanwhile, the introduction of the lag of the dependent variable (ECit) into the model as part of the explanatory variables leads to the existence of linear relationship between the lagged variable and the individual specific effect (λi). that is, E(ECit – 1, λi) ≠ 0. This portrays the existence of endogeneity problem, the use of either fixed effect or random effect is no longer appropriate for estimating the model. Hence, the use of instrumental variable estimation technique becomes imperative.
This study uses panel generalized method of moment (panel GMM) to achieve the objective of the study. In GMM, the problem of endogeneity may be resolved through two methods. The first is difference method while the second method is called orthogonal deviation method. Based on the fact that the difference method tends to ignore the long run effect, this study resorts to the use of orthogonal deviation method to removing the problem of endogeneity from the model. Hence, to remove the individual or specific effect from the model through the use of orthogonal deviation method of Equation (20) is re- specified as in Equation (21)

 
Where: 


subsequently, subtracting Equation (20) from Equation (21)


It should be noted that ‘‒’  and ‘≈’ are used so as just to distinguish the Equations.
4.	Empirical results
[bookmark: _Hlk156053286]This study adopts a dynamic panel data model, using dynamic Generalised Method of Moments (GMM), as used by the works of Ibukun and Osinubi (2020) and Mehmood et al. (2022). To implement the orthogonality deviation process GMM as reported in (36) and exhibited in Table 1, this study conducts a Panel GMM, which examines the effects of health spending on economic complexity in the SACs. The dataset includes multiple variables, focusing on how changes in health spending affect changes in economic complexity. The GMM estimate would not be credible without the validity of instruments used (Ajisafe & Akinlo, 2014). In this study’s model that examines the effect of health expenditure on economic complexity, lagged five of the dependent and lagged two of all independent variables were used as instruments. EC(-5), HE(-2), LNX(-2), INQ(-2), LNFDI(-2), LNGCF(-2). The Sargan test for over-identifications constraints is often used to check the instruments used (Gujarati & Porter 2009; Ajisafe and Akinlo, 2014). A valid instrument is one that does not have a significant probability of the J-statistic (which is the Sargan Test). Otherwise, that instrument is invalid. Furthermore, the instruments must not be correlated with the error term, specifically, . However, the instruments are invalid if they correlate with the error term, that is , then the instruments used are not valid. It should be noted that ‘s’ (the number of lags of instruments used) must be greater than the number of lags of the dependent variable.
The Sargan Test result is automatically catered for by the ‘J-statistic’ along with the ‘Prob (J-statistic)’ in the GMM result reported in Table 1. The criterion for the validity of instruments is that 'Prob (J-statistic)' should not be significant at 5% level of significance. Table 1 provides RMSE = 0.195, J-statistic = 27.766 with p-value = 0.370 for instrument validity tests; shows that the null hypothesis regarding over-identifying restrictions is true. The use of our instruments is said to be valid, so they are thought to be uncorrelated with the error. Thus, our estimates are reliable. The effects specification confirms that the model employs cross-section fixed effects by means of orthogonal deviations with an instrument rank of 32, suggesting that the instrument set is adequately dimensioned for identification of the model.
	[bookmark: _Toc163769897][bookmark: _Hlk155879267]

Table 1: Panel Generalized Method of Moments for Relationship between Health Expenditure and Economic Complexity in SACs
Panel Generalized Method of Moments

	Dependent Variable: EC

	Transformation: Orthogonal Deviations

	Instrument specification: @DYN(EC,-5) HE(-2) LNX(-2) INQ(-2) LNFDI(-2) LNGCF(-2)

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	
	
	

	EC(-1)
	0.534***
	0.011
	48.360
	0.0000
	
	
	

	HE
	-0.051**
	0.024
	-2.176
	0.0375
	
	
	

	LNX
	-0.062**
	0.026
	-2.330
	0.0267
	
	
	

	INQ
	0.049***
	0.008
	6.342
	0.0000
	
	
	

	LNFDI
	0.001
	0.025
	0.055
	0.9569
	
	
	

	LNGCF
	-0.129**
	0.014
	-8.931
	0.0000
	
	
	

	 
	
	 
	 
	 
	
	
	

	Effects Specification

	 
	 
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	

	Cross-section fixed (orthogonal deviations)

	Root MSE
	0.195
	    Mean dependent var
	0.013
	
	
	

	S.D. dependent var
	0.252
	    S.E. of regression
	0.192
	
	
	

	Sum squared resid
	21.373
	    J-statistic
	27.766
	
	
	

	Instrument rank
	32
	    Prob(J-statistic)
	0.370
	
	
	

	 
	 
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	


Note: (a) “()” are probability values, (b)“**” and “***” denote stationarity at 5% and 1% significant levels respectively.
[bookmark: _Hlk158371503]The panel GMM result presented in Table 1 highlights the coefficients, standard errors, t-statistics, and probabilities associated with the explanatory variables. The dependent variable, Economic Complexity (EC), exhibits a significant lag effect (EC(-1)) with a coefficient of 0.534, indicating a substantial positive relationship with its own past values. The positive coefficient of EC(-1) (Lagged economic complexity) which is 0.534 suggests that a one-unit increase in the lagged value of economic complexity (EC(-1)) is associated with an increase of 0.534 unit in the current economic complexity. The low p-value of 0.0000 indicates high statistical significance at one per cent level. The positive and highly significant impact of the lagged economic complexity implies a strong persistence in economic complexity over time and, in effect, a complex economic structure in the past positively influences the current economic complexity.
[bookmark: _Hlk158371398][bookmark: _Hlk158371022][bookmark: _Hlk158371053]The result is in tandem with the findings of the studies by Lapatinas (2016), Lee& Vu (2020), Okombi and Tsinguia-Kenfack (2023) and Yu and Qayyum (2023) which found that the previous economic complexity exerts a significant and positive influence on the current economic complexity. The negative coefficient (-0.051) of Health Expenditure (HE) suggests that a one-unit increase in Health Expenditure is associated with a decrease of 0.051 unit in Economic Complexity (EC). With a p-value of 0.0375, the coefficient is statistically significant at the five per cent level. The negative impact on economic complexity implies that higher health expenditures may have adverse effects on the development of a more complex economy. This result confirms the findings of Odoir et al. (2016) and Udeorah (2018).  Hence, the need to consider the trade-offs between healthcare spending and economic complexity becomes essential. These implications shed light on the dynamics between health expenditure and economic complexity, as well as their temporal relationships. The findings suggest that while healthcare spending may have negative consequences for economic complexity, historical economic complexity strongly influences the current state that is, the lagged of economic complexity has effect on current economic complexity.
[bookmark: _Hlk158371855]Additionally, variables such as exports (LNX), instructional quality (INQ) and gross capital formation (LNGCF) have statistically significant coefficients, implying their substantial impact on economic complexity. On the other hand, foreign direct investment, which is LNFDI with a coefficient of 0.001 and a p-value of 0.9569, seems to have no effect on economic complexity. The negative coefficient of -0.062 suggests that a unit increase of the natural logarithm of exports will reduce the economic complexity by 0.062 units. The coefficient is statistically significant at the 5% level, with a p-value of 0.0267. This suggests that the link between export and economic complexity is unlikely to occur by chance.  An increase in the natural log of exports negatively affects economic complexity, meaning countries that primarily rely on exports may face challenges in developing complex economies. The discovery coincides with the outcomes of the studies carried out by Camargo and Gala (2017), Utkovsklbi et al. (2018), Canh and Thanh (2022), and Gnangnon (2022) which denote a negative impact of export on economic complexity.
Gross capital formation (LNGCF) has a negative coefficient (-0.129), so a rise in gross capital formation leads to a fall in economic complexity by 0.129 units. The extremely low p-value of 0.0000 indicates a high level of statistical significance at the one percent level. The negative effect of gross fixed capital formation on economic complexity indicates that high levels of capital production do not lead to high economic complexity. It agrees with the findings from Udeogu et al (2021) which stated that the type and efficiency of capital investment must thoroughly evaluation because it plays a crucial role in economic development. Foreign direct investment has a coefficient of nearly zero (0.001), indicating it has little to no influence on economic complexity. Based on the high p-value 0.9569, coefficient is not significant statistically. The outcome agrees with the findings of Okafor (2014) and Ncanywa et al. (2021), Nguéda and Kelly (2022) and Okombi. According to the study by Tabash et al. (2022), Beton et al. (2023), Ullah et al. (2023) and Djeunankan et al. (2023), the foreign direct investment has little impact on the economic growth. Foreign direct investment has no significant impact on the economic complexity of SACs, due to an absence of statistical significance. 
The finding reveals that an improvement of one unit in institutional quality corresponds to an increase of 0.049 units in economic complexity. A p-value that is this small (0.0000) indicates a strong level of significance at the 1% level. Institutional quality positively and statistically significantly affects economic complexity, indicating that SACs need to innovate for development through institutional promotion of innovation. The findings corroborate those of Olaniyi and Odhiambo (2023), Ogbuabor et al., (2023), Olaniyi and Oladeji (2022) and Olaniyi and Adedokun (2022) that, institutional quality has a robust impact on economic growth.
The relationship between health expenditure and economic complexity in selected African countries (SACs) is not just estimation of coefficients. It is very important to check the diagnostic tests of the Generalized Method of Moments (GMM) results for their robustness and reliability. As depicted in Table 2, the Wald Test is a diagnostic test that gauges how well a model fits the data. In addition to determining the overall fit of a certain model, the Wald Test can tell us how important the parameters in the model are when assessed jointly together. The Wald Test is employed to evaluate the joint significance of the variables in the model. The F-statistic of 441.001 with associated degrees of freedom (2, 707) and a probability of 0.0000 attests to the overall significance of the model. Similarly, the Chi-square statistic of 882.001 with 2 degrees of freedom and a probability of 0.0000 reinforces the joint significance of the variables used. The extremely low p-values (0.0000) in both statistics indicate a rejection of the null hypothesis at 1 per cent significant level, emphasising the robustness of the model's explanatory power. This suggests that the included variables collectively contribute significantly to explaining the variation in economic complexity based on the level of health expenditure.



[bookmark: _Toc163769898]Table 2: Diagnostic Test for Relationship between Health Expenditure and Economic Complexity in SACs
	Wald Test:

	Test Statistic
	Value
	Df
	Probability

	F-statistic
	 441.001***
	(2, 707)
	 0.0000

	Chi-square
	 882.001***
	 2
	 0.0000


Note: *** represent 1 per cent level of significance

This study determines the effect of health expenditure on economic complexity and the result shows that health expenditure has negative but significant effect on economic complexity which does not conform to the a-priori expectation. Extant studies on health expenditure that conform with the positive effect of health expenditure on economic complexity include studies by Paibuo (2017), Vu (2020), Ndagba (2021), Ozylimaz (2022), Lee and Vu (2020) while those that found negative effect of health expenditure on economic complexity include Odoir et al. (2016) and Udeorah (2018). Lapatinas (2016), Okombi and Tsinguia-Kenfack (2023) and Yu and Qayyum (2023) also submit that a complex economic structure in the past positively influences the current economic complexity which augment the result of this study. Studies by Utkovsklbi et al. (2018), Camargo and Gala (2017), Gnangnon (2022) and Canh and Thanh (2022) also found negative impact of export on economic complexity. Studies by Nguéda and Kelly (2022), Okombi and Tsinguia-Kenfack (2023), Tabash et al. (2022), Okafor (2014), Ncanywa et al. (2021), Beton Kalmaz and Adebayo (2023), Ullah et al. (2023), Okafor (2014) and Djeunankan et al. (2023) found positive effect of foreign direct investment on economic complexity.
5.	Conclusion and recommendations
5.1	Conclusion
The study analyses the effect of health expenditure on economic complexity in selected African countries (SACs) from 1998 to 2022. The use of a panel Generalized Method of Moments (GMM) shows that health expenditure has a large negative impact on economic complexity in selected African countries. Thus, an increase in health expenditures leads to a decrease in economic complexity. Health expenditure has long been considered important for human capital and productivity. However, in the SACs context, it seems to affect economic complexity negatively. This finding, however, has been discovered according to previous literature that spent upon health care and economic development are conflicting. As per the delayed economic complexity, it has a positive effect on current economic complexity thereby signifying significant persistence in economic complexity. This portrays the importance of a historical complex economic structure in driving future economic sophistication in SACs.
In addition, other variables in the estimated model such as exports, institutional quality and gross capital formation play substantial roles in shaping economic complexity. Exports and gross capital formation show negative impacts, indicating that reliance on the factors may pose challenges to developing a complex economy. Conversely, institutional quality has a positive and statistically significant effect, suggesting the importance of strong institutions in fostering economic complexity. Also, the diagnostic tests, including the Sargan Test (as captured by the J-statistic) and the Wald Test, confirm the robustness and reliability of the GMM estimates. The significant joint influence of the included variables on economic complexity further reinforces the findings of the study.
 5.2	Recommendations
Based on the findings of this study, there is a need for SACs to address the potential inefficiencies in health expenditure that might be hindering economic complexity. Improving governance and reducing corruption in the health sector could enhance the effectiveness of health investments. Furthermore, increasing funding to the health sector should be coupled with measures to ensure proper monitoring and quality control to achieve sustainable health outcomes that can ultimately support economic growth and complexity. Also, policymakers should consider balancing health investments with other strategies aimed at fostering economic complexity, such as enhancing institutional quality and diversifying the economic base of SACs. These efforts can collectively contribute to sustainable economic development in the region.
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