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The paper contributes to the literature by investigating possible dynamic relations between healthcare supply chain
logistics expenditure and economic growth, measured by gross domestic product, in Uganda. By employing
univariate and multivariate time series approach, the empirical results confirm the presence of a positive
relationship between healthcare supply chain logistics expenditures and economic growth. After detecting unit roots
in the data, cointegration test confirmed the presence of a long-run relationship between the two variables. In
addition, the results for Granger Causality test suggested the existence of a unidirectional effect indicating that
economic growth significantly influences healthcare supply chain logistics investment but healthcare supply chain
logistics investment do not influence economic growth in Uganda over the studied period.

INTRODUCTION

Better healthcare is a primary human need. According to (WHO, 2001), 50% of economic growth
differential between developed and developing nations is attributable to ill-health and life expectancy.
Developed countries spend a high proportion of their gross domestic product (GDP) on healthcare supply
chain logistics (HSCL) because healthier residents can serve as a major driver for economic activity and
development, and reduction of poverty. The following studies have examined the role of healthcare
expenditure in economic development and poverty alleviation, health, human capital and economic
growth (Schultz, 1999; Sen, 1999; Ravallion and Chen, 1997; Sala-i-Martin, 1997; Barro, 1996; Barro
and Sala-i-Martin, 1995; Squire, 1993; Mankiw et al., 1992; Levine and Renelt, 1992; and Lucas, 1988),
and lifetime incomes of individuals (Anyanwu, 1998, 1996). Although the relationship between HSCL
expenditure and economic growth is well established in the literature, the direction of causation of this
relationship remains contentious (Kleiman, 1974; Newhouse, 1977; Hansen and King, 1996; Blomgvist
and Carter, 1997; McCoskey and Selden, 1998; Gerdtham and Lothgren, 2000; Karatzas, 2000; Bloom,
Canning and Sevilla, 2001; Arora, 2001; Bhat and Jain, 2004). In a seminal paper, Newhouse (1977, pp.
115-25) examined this relationship and confirmed earlier findings by Kleiman (1974), suggesting that a
country’s per capita GDP is the single most important factor influencing healthcare spending. This
finding shaped the foundation for a large body of literature, which view income as a major determinant of
expenditure for healthcare (Behrman, 1990, pp. 54-8; Barro and Sala-i-Martin, 1995; Bloom and Sachs,
1998) supply chain logistics. To the contrary, several studies have argued that healthcare does not play an
important role in influencing productivity, concluding instead that health is not an important variable
when it comes to explaining economic growth (Cullis and West, 1979, p. 84-89; Easterly and Rebelo,
1993, p. 417-58; Acemoglu and Johnson, 2006). Amidst the mixed evidence, recent studies (Gallup and
Sachs, 2000; Getzen, 2000; Reinhardt, Hussey and Anderson, 2004) have employed modern analytical
techniques and have produced new results that suggest a feedback effect between HSCL spending and
GDP per capita. Therefore, the intent of this paper is to investigate possible dynamic relations between
personal healthcare expenditure (PHE) and economic growth (GDP) in Uganda using univariate and
multivariate time series analysis.
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HEALTHCARE SUPPLY CHAIN LOGISTICS AND ECONOMIC GROWTH

An insightful review of the literature on the nature of links between healthcare and productivity (GDP)
has been provided by Bhat and Jain (2004), Bloom and Canning (2005), Lo’pez-Casasnovas, Rivera and
Currais (2005) and recently by Finlay (2007). While Bhat and Jain (2004) summarized the literature in
several broad categories based on methodological techniques, Bloom and Canning (2005) and Lo’pez-
Casasnovas et al. (2005) approached the literature from a micro and macroeconomic perspective; whereas
Finlay (2007) breaks the literature into empirical and theoretical studies. On a microeconomic level,
different health indicators have been used in the literature based on the idea that healthier workers are less
susceptible to disease, more alert, more energetic, and consequently more productive and command
higher earnings (Bloom and Canning, 2005; Lo pez-Casasnovas et al., 2005). Notable studies include
Grossman (1972), Muurinen (1982), Forster (1989), Ehrlich and Chuma (1990), Johansson and Lofgren
(1995) and Meltzer (1997). Macroeconomic studies are based on a model in which economic growth
during an interval of time is a function of initial income, economic policy variables, and other structural
characteristics of the economy (Bloom and Canning, 2005; Barro and Sala-i-Martin, 1995; Bloom and
Sachs, 1998; Bhargava, Dean, Jamison, Murray, 2001; and Gyimah-Brempong and Wilson, 2004).
Additional evidence of the importance of healthcare for economic growth has been provided by
international organizations. For instance, a report by the World Health Organization’s Commission on
Macroeconomic and Health demonstrates significant linkages of health with economic growth, and health
and poverty (WHO 2001). Similarly, studies conducted by the Pan American Organization show long-
term impacts of life expectancy on economic growth in Mexico and Latin American countries (Mayer-
Foulkes, 2001a; Mayer-Foulkes, 2001b). These initiatives, besides generating an enormous amount of
high quality research, have served to fill a void in the existing literature (Lo pez-Casasnovas et al., 2005).

DATA COLLECTION

Government per capita HSCL expenditure data covering the period 1982-2006 were obtained from Fan,
Zhang and Rao (2004) and the World Health Organization (WHO, 2007), while data on gross domestic
product (GDP) for the same period were obtained from Global Econ data (EconStats, 2009).

TESTING FOR TRENDS

To account for the time structure of personal healthcare expenditure (PHE) and economic growth (GSP)
variables, unit root tests are conducted using the Augmented Dickey-Fuller method; hereafter ADF
(Dickey and Fuller, 1979, 1981; Davidson and MacKinnon, 1993). Whether or not to include the linear
trend in conducting unit root tests is still contentious. For instance, McCoskey and Selden (1998)
indicated that the ADF regressions should not include any linear trend, because the intercept itself already
acts as a trend and power is lost in the case of a limited sample. To the contrary, Hansen and King (1998)
argued that the time trend is evident for these variables and must be included to apply the ADF test in its
general form. In this paper, unit root tests are performed with and without a linear trend. For the unit root
test, the non-rejection of the null hypothesis would indicate that the series is characterized by a random
walk (Dickey and Fuller, 1979; Davidson and MacKinnon, 1993).

Table 1 show the unit root test results for the level series, as well as their first differences. MacKinnon’s
critical values for testing the null hypothesis for the unit root at the 5 percent and 10 percent levels when a
constant is included without a linear trend are -3.01 and -2.64, respectively. For the level series, the null
hypothesis of the unit root cannot be rejected for personal healthcare expenditure and GDP series at both
the 5 percent and 10 percent significance levels. For the first differences, the null hypothesis of the unit
root is rejected for personal healthcare expenditure and GDP series at the 10 percent significance levels.
This suggests that, the values of personal healthcare expenditure in Uganda are I(1), because their first
differences are stationary. When a linear trend is introduced, MacKinnon’s critical values for testing the
null hypothesis for the unit root at the 5 percent and 10 percent levels when a linear trend is included are -
3.63 and -3.25, respectively. Similarly, the null hypothesis of the unit root cannot be rejected for the level
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series but rejected for the first differences for PHE and GDP series at the 5 percent significance levels;
implying that the series are I(1).

Table 1. Augmented Dickey-Fuller (ADF) Test Results

Levels 1* Differences 10% Ceritical 5% Critical
Value Value
No Trend
PHE 1.62(1) -2.79%(1) -2.64 -3.01
GDP 1.73(1) -2.82*(0) -2.64 -3.01
With Trend
PHE -0.95(1) -5.43%*(1) -3.25 -3.63
GDP -2.17(1) -3.76**(0) -3.25 -3.63

* ** indicates significance at 10% and 5% levels, respectively
() indicate number of lags
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COINTEGRATION ANALYSIS
Next, cointegration analysis is conducted based on the ADF test. To accomplish this, the Engle-Granger

two-step test is employed. If a series Y, is non-stationary and there is a § vector (or matrix) such that
W, = SY, becomes stationary, then Y, is considered cointegrated and the vector S is called the

cointegrating vector (Engle and Granger, 1987). Previously in Table 1, it was shown that both PHE and
gross state product series (GDP) are I(1). Thus, these non-stationary series can be written as a linear
combination of stationary and non-stationary series as:

PHE =a, ¢ +a,,
GDR =a,4 +a,@,

where @ and @, represent the unit root and stationary component, respectively.

(M

Since each component of the bivariate series includes the nonstationary component ¢, , both components

of Y, are nonstationary. However, if the coefficients (@ I, ] =1,2) are known, then
a
PHE—@GDE’{%——% ”Jwt =ca, @
all all

is stationary and the system is cointegrated with the cointegrating vector S = (—l , IJ . Since

a’ll
we do not know the coefficients, we normally need to estimate all the coefficients in equation

(1). But now, it is sufficient only to estimate the ratio B using OLS (Engle and Granger, 1987).
all

The differenced series in (2) look like the residuals from the regression of PHE; on GDP;, and

hence if the residual series is stationary, then the bivariate series is cointegrated. Moreover, the

OLS estimator of the parameter PHE; obtained from that regression is a consistent estimator for

. a . . . .
the ratio —2-. The results for the cointegration equations when GDP; is regressed on PHE; and
all

vice-versa are reported in Table 2.

Table 2. Cointegration Regression

B-Coefficient t-Ratio  D-W Test  R-Square

PHE Regressed on GDP 50.77* 12.03 0.34 0.86

GDP Regressed on PHE 0.017* 12.03 0.37 0.86

* Denotes significance at 1% level
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To check for cointegration, the errors from the cointegration equations in Table 2 are recovered to
perform nonstationarity tests since cointegration requires stationary residuals (Engle and Granger, 1987).
To do that, the following equation is specified:

p
Ae =me,_ + D wihe  +7, 3)

i=1
where &, is the error from the cointegration equation, 7}, is a stationary random error; here the null

hypothesis of nonstationarity is rejected when @ is significantly negative. The summation runs to ‘p’
where p is 2. Table 3 reports the ADF test statistics and the critical values. As shown in Table 3, the null
hypothesis of non-stationary of the residuals is rejected at the 5 percent significance level for both
personal healthcare expenditure and GDP series. Thus, the cointegration results suggest a long-run
relationship between PHE and GDP over the study period.

Table 3. ADF Test on Residuals

Statistics 5% Critical Value

PHCE Regressed on GDP -4.14%* -3.63

GDP Regressed on PHCE -4.29%* -3.63

** Denotes significance at 5% level

TESTING FOR CAUSALITY

The interrelationship between personal healthcare expenditure and GDP can be more directly examined
using causality test. By incorporating time lags between these variables, this approach is particularly
relevant because changes in personal health care expenditure typically my not cause changes in economic
growth immediately, but rather over several periods and vice-versa. The standard Granger causality test
(Granger, 1969) examines whether past changes in one variable, y, help to explain current changes in
another variable, x, over and above the explanation provided by the past changes in x. If not, then one
concludes that y does not Granger causes x. To determine whether causality runs in the other direction,
from x to y, one simply repeats the experiment, but with y and x interchanged. Four findings are possible:
1) neither variable Granger causes the other; 2) y causes x, but not vice versa; 3) x causes y, but not vice
versa; and 4) y and x Granger causes each other (Granger, 1969).

The estimated Granger causality test is based on the following regression (Granger, 1969):
m m
APHE, = a, + Y BAPHE, ; + Y SAGDP,_, + ¢ “4)
i=1 i=1
where A is the first-difference operator and APHE and AGDP are stationary time series. The null
hypothesis that GDP does not Granger causes PHE is rejected if the coefficients J; in equation (4) are
jointly significant based on the standard F-test. The null hypothesis that PHE does not Granger causes
GDP is rejected if the [, s are jointly significant in equation (4), when APHE, replaces AGDR as the

left-hand side variable (Granger, 1969). Table 4 reports the F-statistics for the standard Granger causality
tests of whether personal health care expenditure causes economic growth or vice versa.

At the conventional 5 percent significance level, the standard causality tests suggest that we cannot reject the
null hypothesis that personal healthcare expenditure does not Granger causes economic growth. As for the
null hypothesis that GDP does not Granger causes personal health care expenditure, the null hypothesis is
rejected, implying the non existence of a feedback effect between GDP and personal healthcare
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expenditure in Uganda. Since the null hypotheses that GDP does not Granger causes personal health care
expenditure is rejected at the conventional 5 percent significance level while the null hypothesis that
personal health care expenditure does not Granger causes GDP cannot be rejected at the conventional 5
percent significance level, it can be concluded that Uganda’s GDP Granger causes personal health care
expenditure, but not vice versa.

Table 4. Pair wise Granger Causality Tests

Null Hypothesis: F-Statistic =~ Probability
PHE does not Granger Cause GDP 0.114 0.893
GDP does not Granger Cause PHE 3.63* 0.047

* Denotes significance at 5% level

CONCLUSIONS AND IMPLICATIONS

Government expenditure on HSCL is imperative for better health which in turn drives economic growth,
sustainable development, and poverty alleviation. Thus, an attempt was made to find the direction of the
causal relationship between PHE and economic growth, measured by GDP, in Uganda. The empirical
results of univariate and multivariate time series analysis suggest a strong relationship. The findings are
consistent with literature. Gyimah-Brempong and Wilson (2004) reported a positive nexus between
expenditure in health and economic growth in Sub-Saharan African and OECD nations. WHO (2001)
found that improving life at birth by mere 10% can contribute to economic growth by 0.35% per year.
Bloom and Canning (2003, 2000) argued that individuals with better health can impact economic activity
and development in a number of ways, including increase in productivity at work and incomes, improved
longevity in the workplace, improved investment in their own education, and enhanced savings because
of the expectation of a longer life. In addition, healthier individuals do not only work more effectively and
efficiently, but they also contribute more time to productive economic activities (Anyanwu and
Erhijakpor, n. d). After detecting unit roots in health care expenditures and GDP, we were able to find
cointegration. This finding is contrary to earlier country studies (Hansen and King, 1996; Blomqvist and
Carter, 1997) that were not able to find cointegration in general, as a long run relationship after detecting
unit roots in healthcare expenditure and GDP. The results for Granger Causality test suggested the existence
of a unidirectional effect indicating that GDP Granger causes PHE, but not vice versa.

532



Proceedings of the 10" Annual Conference
©2009 IAABD

REFERENCES

Anyanwu, J. C. and Erhijakpor, A. E. O. (n. d). “Health Expenditures and Health Outcomes in Africa,” 1-
39. http://www.afdb.org/fileadmin/uploads/afdb/Documents/Knowledge/25144332-EN-HEALTH-
EXPENDITURES-AND-HEALTH-OUTCOMES-IN-AFRICA .PDF.

Anyanwu, J. C. (1996). “Empirical Evidence on the Relationship between Human Capital and the Income
of Nigerian Women,” Journal of Economic Management, Vol. 3, No. 1, 45-67.

Anyanwu, J. C. (1998). “Human Capital and Nigerian Men’s Income,” Pakistan Economic & Social
Review, Vol. XXXVI, No. 1, 73-94.

Acemoglu, D., and Johnson, S. (2006). Disease and development: The effect of life expectancy on
economic growth. NBER Working Paper Series, No.12269.

Arora, S. (2001). “Health Human Productivity and Long-Term Economic Growth,” Journal of Economic
History, Vol. 61 No. 3 (Sept).

Baro, R. (1996a). “Health, Human Capital and Economic Growth,” Paper for the Program on Public
Policy and Health, Pan American Health Organization and WHO, Washington: Pan American
Health Organization.

Barro, R. (1996b). “Determinants of Economic Growth: A Cross-Country Empirical Study,” NBER
Working paper No. 5968, Cambridge, Massachusetts: National Bureau of Economic Research.

Barro, R., and Sala-I-Martin, X. (1995). Economic Growth. New York: McGraw-Hill, Inc.

Bhargava, A., Dean, T., Jamison, L.J., and Murray, C.J.L. (2001). “Modeling the Effects of Health on
Economic Growth,” Journal of Health Economics, 20: 423-440.

Bhat, R., and Jain, N. (2004). “Analysis of Public Expenditure on Health Using State Level Data,” Indian
Institute of Management, Ahmedabad.

Bloom, D., and Canning, D. (2003). “The Health and Poverty of Nations: From theory to Practice,”
Journal of Human Development, Vol. 4, No. 1, 47-71.

Bloom, D., and Canning, D. (2000). “The health and Wealth of Nations,” Science 2000, 287, 1207-1209.

Bloom, D. E. and Sachs, J.D. (1998). “Geography, Demography, and Economic Growth in Africa.”
Brookings Papers on Economic Activity 2: 207-295. http://www.cid.harvard.edu/.

Bloom, D., Canning, D., and Sevilla, J. (2001). “The Effect of Health on Economic Growth: Theory and
Evidence,” NBER Working Paper 8587, Cambridge, MA (November).

Bloom, D., and Canning, D. (2005) “Health and Economic Growth: Reconciling the Micro and Macro
Evidence,” Freeman Spogli Institute for International Economics Working Paper Series. February.

Blomgvist, A.G., and Carter, R.A. (1997). “Is health care really a luxury?,” Journal of Health Economics,
16: 207-229.

Cullis, J., and West, P. (1979). The Economics of Health: An Introduction, Oxford, MA: Martin
Robertson: 84-9.

Davidson, R., and MacKinnon, J.C. (1993). Estimation and Inference in Econometrics, New York:
Oxford University Press.

Dickey, D. A., and Fuller, W.A. (1981). "Likelihood Ratio Statistics for Autoregressive Time Series with
a Unit Root," Econometrica, 49: 1057-1072.

Dickey, D. A., and Fuller, W. A. (1979). "Distribution of Estimates for Autoregressive Time Series with
Unit Root," Journal of the American Statistical Association, 74: 427-31.

Easterly, W., and Rebelo, S. (1993). “Fiscal Policy and Economic Growth,” Journal of Monetary
Economics, 32, 3: 417-58 (December).

ECONSTAT. 2009. Global Economic Data. http://www.econstats.com/index gl.htm

Ehrlich, 1., and Chuma, H. (1990). “A Model of the Demand for Longevity and the Value of Life
Extension,” Journal of Political Economy, 98: 761-782.

Engle, R. F., and Granger, C. W. J. (1987). "Cointegration and Error Correction: Representation,
Estimation and Testing," Econometrica, 55: 251-71.

Fan S, Zhang X and Rao N. 2004. Public Expenditure, Growth, and Poverty Reduction in Rural Uganda
WHO. 2007. National health accounts http://www.who.int/nha/en/index.html

533



Repositioning African Business and Development for the 21* Century
Simon Sigué (Ed.)

Finlay, J. (2007). “The Role of Health in Economic Growth,” Program of the Global Demography of
Aging (PGDA). Working Paper No. 2. Accessed on Feb. 13, 2007 at:
www.hsph.harvard.edu/pgda/working.htm.

Forster, B.A. (1989). “Optimal Health Investment Strategies,” Bulletin of Economic Research, 41: 45-57.

Gallup, J., and Sachs, J. (2000). “The Economic Burden of Malaria,” Working Paper no. 52. Harvard
University, Center for International Development, Cambridge, MA.

Gerdtham, U. G., and Loéthgren, M. (2000). “On Stationarity and Cointegration of International Health
Expenditure and GDP,” Journal of Health Economics, 19: 461-475.

Getzen T. E. (2000). “Health Care is an Individual Necessity and a National Luxury: Applying Multilevel
Decision Models to the Analysis of Health Care Expenditures,” Journal of Health Economics, 19:
259-70.

Granger, C. W. J. (1969). “Investigating Causal Relations by Econometric Models and Cross-Spectral
Methods,” Econometrica, 37: 424-438.

Grossman, M. (1972). “On the Concept of Health Capital and the Demand for Health,” Journal of
Political Economy, 80, 2: 223-255.

Gyimah-Brempong, K., and Wilson, M. (2004). "Health, Human Capital, and Economic Growth in Sub-
Saharan African and OECD Countries," Quarterly Review of Economics and Finance, 44: 296-320.

Hamilton, J. D. (1994) Time Series Analysis, Princeton University Press.

Hansen, P., and King, A. (1996). “The determinants of health care expenditure: A cointegration
approach,” Journal of Health Economics, 15: 127-137.

Johansson, P. O., and Lofgren, K. G. (1995). “Wealth from Optimal Health, Journal of Health
Economics, 14: 65-79.

Karatzas, G. (2000). “On the Determination of the USA Aggregate Health Care Expenditure,” Applied
Economics, 32: 1085-1099.

Kleinman, E. (1974). “The determinants of National Outlay on Health,” In Perlman, M. (ed.): The
Economics of Health and Medical Care.

Levine, R., and Renelt, D. (1992). “A Sensitivity Analysis of Cross-Country Growth Regressions,”
American Economic Review, Vol. 82, No. 4, 942-63.

Lo pez-Casasnovas, G., Rivera, B., and Currais, L. (2005). The Role Health Plays in Economic Growth.
Accessed March 14, 2008 at http://mitpress.mit.edu/books/chapters/0262122766intro1.pdf

Lucas, E. R. Jr. (1988). “On the Mechanic of Economic Development,” Journal of Monetary Economics,
Vol. 22, 3-42.

Mankiw, N. G., Romer, D., and Weil, N. D. (1992). “A Contribution to the Empirics of Economic
Growth,” Quarterly Journal of Economics, Vol. 107, 407-37.

Mayer-Foulkes, D. (2001a). “The Long-Term Impact of Health on Economic Growth in Mexico, 1950-
19957, Journal of International Development, 13(1), pp. 123-126.

Mayer-Foulkes, D. (2001b). “The Long-Term Impact of Health on Economic Growth in Latin America,”
World Development, 29, 6: 1025-1033.

McCoskey, S. K., and Selden, T. M. (1998): Health Care Expenditures and GDP: Panel Data Unit Root
Test Results; Journal of Health Economics, 17: 369-376.

Meltzer, D. (1997). “Accounting for Future Costs in Medical Cost-Effectiveness Analysis,” Journal of
Health Economics, 16: 33-64.

Muurinen, J. M. (1982), Demand for Health: A Generalized Grossman Model, Journal of Health
Economics, 1: 5-28.

Newhouse, J. P. (1977). “Medical Care Expenditure: A Cross-National Survey,” The Journal of Human
Resources, 12, 1: 115-25 (Winter).

Sala-i-Martin, X. (1997). “I Just Ran two Million Regressions,” American Economic Review, Vol. 87,
178-83.

Schultz, T. P. (1999). “Health and Schooling Investments in Africa,” Journal of Economic Perspectives,
Vol. 13, No. 3, 67-88.

Sen, A. (1999). Development as Freedom. Oxford: Oxford University Press.

534



Proceedings of the 10" Annual Conference
©2009 IAABD

Ravallion, M. and Chen, S. (1997). “What can New Survey Data Tell Us about Recent Changes in
Distribution and Poverty?”, World Bank Economic Review, Vol. 11, No. 2, 357-82.

Reinhardt, U. E., Hussey, P. S., Anderson, G. F. (2004). “U.S. Health Care Spending in an International
Context,” Health Affairs Millwood, 23: 10-25.

Rivera, B., Currais, L. (2003). “The Effect of Health Investment on Growth: A Causality Analysis,”
International Advances in Economics Research. 9(4): 312-323.

WHO. (2001). Macroeconomics and Health: Investing in Health for Economic Development. Report of
the Commission on Macroeconomics and Health, Chaired by Jeffrey Sachs. Available at:
www.emro.who.int/cbi/pdf/CMHReportHQ.pdf.

535








