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a b s t r a c t 

Health and income relation analysis has been the subject of controversies on the absolute income hypothesis (the 

higher an individual’s income, the better their health status) and the relative income hypothesis (individual health 

is affected by the distribution of income within society). In addition, the assumed relationship has been criticised 

as being a statistical artefact. To overcome these issues, we formulate the hypothesis that the distribution of 

health in a society is correlated with the distribution of income in that society and propose the analytical 

method framework. The method is focused on the calculation of Foster–Greer–Thorbecke (FGT) poverty indices 

using health and income outcomes. Econometric time series methods, particularly the autoregressive distributed 

lag (ARDL) cointegration bounds test and dynamic simulation, are complementary tools used to measure the 

relationship between the calculated indices. Applied to the sub-sample of countries below the poverty line, 

the method highlights the correlation between the gaps and inequalities in health outcomes and the gaps and 

inequalities in income outcomes, respectively. 

• The Foster–Greer–Thorbecke (FGT) poverty indices are applied to income and health outcomes. 
• Aggregate poverty indices are measured across states. 
• These indices are meaningful indicators for analysing the link between the distribution of health and the 

distribution of income in a society. 
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Specifications table 

Subject Area: Economics and Finance 

More specific subject area: Health economics 

Method name: Three I’s cointegration between income poverty and health poverty 

Name and reference of original 

method: 

Foster–Greer–Thorbecke (FGT) index [1] 

Foster, J., Greer, J., & Thorbecke, E. (1984). A class of decomposable poverty 

measures. Econometrica, 52(3), 761–766. JSTOR. 10.2307/1913475 

Resource availability: Data are available from the author by reasonable request or can be found in 

the Data repository link osf.io/h9nbe of the Data note paper Traoré O 

“Cross-national Data on health poverty and income poverty in sub-Saharan 

Africa” Discover Social Science and Health (submitted) 

Introduction 

Health and income outcomes as aspects of welfare have remained a concern to both national

and international policymakers. In the context of developing countries such as those in Sub-Saharan

Africa (SSA), Nwude et al. [2] show that income per capita is the most important determinant that

significantly improves health outcomes out of a set of determinants comprising official development 

assistance that does not improve health outcomes. Previously, Pritchett and Summers [3] have 

highlighted that ‘wealthier nations are healthier nations’ and added that ‘gains from rapid economic 

growth flow into health gains’. The axiom ‘a wealthier nation is a healthier nation’ has given rise

to significant body of current research focused on the relationship between income per capita and

health outcomes. From this perspective, several studies have highlighted that income remains one of 

the major determinants of health outcomes [4 –8] . Furthermore, analyses based on the aforementioned

axiom have focused on one of the two following hypotheses. The first is the absolute income

hypothesis, which states that other factors being constant, the higher an individual’s income, the 

better their health [9 , 10 , 3 , 11] . The second is the relative income hypothesis, which states that

individual health is affected by the distribution of income within a society [12 –18] . 

Controversies exist between analyses focused on the absolute and relative income hypotheses. 

A consensus was eventually proposed by Clarke and Erreygers [19] for future research on the

relationship between health and income. Applying poverty concepts to the domain of health, the 

authors suggested the use of bivariate indicators to analyse the extent to which health poverty is

correlated to income poverty for future research. Some criticisms of the absolute or the relative

income hypothesis concern the occurrence of statistical artefacts [20] . Overall, Boef and Keele

[21] highlight that statistical artefacts generally occur when analysts select and estimate a model, 

limit inferences to short-run effects, and do not compute and interpret quantities such as long-

run impacts of the exogenous variables, the mean, and the median lag lengths of effects. In this

case, the dynamic simulation approach developed by Jordan and Philips [22] offers an alternative to

the hypothesis testing of model coefficients by conveying the substantive significance of the results 

through meaningful counterfactual scenarios. 

In the context of this background on the relationship between health outcomes and income 

outcomes, this paper makes two main contributions. First, it proposes the income-health relative 

hypothesis stating that the distribution of health is correlated to the distribution of income in a

society. Second, the paper proposes a rigorous step-by-step method to test this income-health relative 

hypothesis. 

The author describes sequential method testing for the correlation between indices of both health 

outcomes and income outcomes that are calculated using the Foster–Greer–Thorbecke poverty index 

approach. The use of a dynamic simulation technique [22] allows a view of the correlation between

health and income across time, compared to the more conventional static correlation approach. 

Formulating the income-health relative hypothesis and testing it using the dynamic simulation 

approach provides more comprehensive and useful information about temporal causality between 

health outcomes and income outcomes across countries. The proposed income-health relative 

hypothesis is validated using the described method, and the results show that the intensity and
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nequality of income poverty in a region dynamically affect respectively the intensity and inequality of

ealth poverty in the region. These results light the way for policies aiming to reduce regional health

nequalities. 

ethod details 

In the sections and subsections below, we detail the steps and tools for conceptualising and testing

he income-health relative hypothesis stating that the distribution of health in a society is correlated

o the distribution of income in that society. 

he FGT poverty measurement 

The focus of our methods is the Foster–Greer–Thorbecke (FGT) poverty index [1] . Indeed, the FGT

easures of poverty provide a unifying structure linking poverty, inequality and well-being, leading

o these measures becoming the standard for international evaluations of poverty and inequality. The

easures are applicable to monetary outcomes as well as non-monetary outcomes such as education

nd health [23] . 

 Step 1: Determination of health poverty and income poverty thresholds 

The study is built on a cross-sectional framework using population data for different countries

ithin a region. Typically, h i and r i are assumed to be the respective national health attainments,

amely life expectancy at birth and the country’s gross domestic product per capita expressed as

urchasing power parity (PPP). Following Clarke and Erreygers [19] , we assume that the definition

f a country’s minimal acceptable health and income levels will depend on the average health and

ncome attainment in the region. Therefore, we assume the health and income thresholds z to be

 fraction λ ( λ = 5% ) below the region’s annual average life expectancy at birth and gross domestic

roduct per capita. 

z h = (1 − λ) ̄h , with ̄h = 

N ∑ 

i =1 

h i 

N 

(1a)

nd 

z r = (1 − λ) ̄r , where ̄r = 

N ∑ 

i =1 

gd p i 

N 

(1b)

here i = 1 …N represents the number of countries in the region. 

 Step 2: Determination of the poverty gap 

Empirically, a country’s outcome poverty gap is the distance between its outcome attainment and

he relevant outcome poverty threshold ( z). The gap is normalised as a fraction of the threshold. Thus,

he normalised poverty gap for health ( g h 
i 
) and for income ( g r 

i 
) are, respectively: 

g h i = 

{
z h −h i 

z h 
if h i < z h 

0 if h i ≥ z h 
(2a)

nd 

g r i = 

{
z r −r i 

z r 
if r i < z r 

0 if r i ≥ z r 
(2b)

here i = 1 …N represents the number of countries in the region. Fig. 1 highlights the SSA countries’

rofile plots in terms of both income poverty gap and health poverty gap for the period 1990–2017. 

 Step 3: Aggregate measures of health poverty and income poverty 
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Fig. 1. Paired display ranking countries in terms of health poverty and income poverty. 

Notes : av_gih: average health poverty gap; av_gir: average income poverty gap. 
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Table 1 

Descriptive statistics of income poverty and health poverty indices. 

Variable Obs Mean Std. Dev. Min Max 

Income poverty indices 

P0r 28 0.741 0.018 0.721 0.786 

P1r 28 0.404 0.024 0.369 0.441 

P2r 28 0.252 0.023 0.219 0.287 

Health poverty indices 

P0h 38 0.367 0.062 0.255 0.447 

P1h 38 0.027 0.007 0.014 0.036 

P2h 38 0.003 0.002 0.001 0.007 

Notes : P0r, P1r and P2r indicate the income poverty incidence, intensity, and inequality, respectively. P0h, P1h and P2h 

indicate the health poverty incidence, intensity, and inequality, respectively. 

 

p  

m

 

a

 

w  

w  

c  

o  

i  

w  

r  

p  

m  

t  

i

A

 

a  

t

-

 

Using the poverty gaps defined in Step 2, aggregate poverty measures (unifying measures of health

overty and income poverty) for all countries in the region are calculated. To this end, the FGT index

easures of health poverty and income poverty are as follows: 

P h α = 

1 

N 

N ∑ 

i =1 

(g h i ) 
α

(3a)

nd 

P r α = 

1 

N 

N ∑ 

i =1 

(g r i ) 
α

(3b)

here α is a non-negative parameter that reflects poverty aversion. As Foster et al. [24] highlight,

ith the values taken by α( α = 0 , 1 , 2 ), the health poverty indices P h 
0 

, P h 
1 

and P h 
2 

that respectively

apture the incidence, intensity and inequality of health poverty in the whole region are consecutively

btained. Similarly, P r 
0 

, P r 
1 

and P r 
2 

capture the incidence, intensity and inequality of income poverty

n the region, respectively. The indices of poverty P h 
0 

and P r 0 indicate the proportion of countries

hose life expectancy at birth and GDP per capita are below their corresponding regional thresholds,

espectively. The intensity of poverty P h 
1 

and P r 
1 

indicate how far below the health poverty and income

overty thresholds poor countries are, respectively. The inequality of poverty P h 
2 

and P r 
2 

respectively

easure the gap sizes of health-poor countries and income-poor countries from the corresponding

hresholds as well as the inequalities between these countries. Table 1 summarises the statistics of

ncome poverty and health poverty indices. 

nalysis of health and income distributions 

After the application of the FGT poverty index to population data related to health and income in

 region, an econometric approach to analyse the correlation between the distribution of health and

he distribution of income generated by the FGT measures may be performed. 

 Step 4: Cointregation testing 

A vector-error-correction cointegration testing [25] is formalised as follows: 

�P t = λβ ′ P t−1 + 

p−1 ∑ 

t=1 

ηi �P t−i + e t (4)



6 O. Traoré / MethodsX 8 (2021) 101410 

Fig. 2. Dynamic simulation of the effects of income poverty intensity on health poverty intensity 

Notes : Dots show the average predicted value. Shaded lines show (from darkest to lightest) the 75%, 90% and 95% confidence 

intervals. 

 

 

 

with 

P t = 

⎛ 

⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎝ 

P h 
0 ,t 

P r 
0 ,t 

P h 
1 ,t 

P r 
1 ,t 

P h 
2 ,t 

P r 
2 ,t 

⎞ 

⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎠ 

where λ and βare ( 6x r) parameter matrices with rank r < 6 . r represents the rank of the cointegrated

equation between health poverty indices and income poverty indices. Existence of cointegration 

highlights long-term relationships between indices of health poverty and indices of income poverty. 

- Step 5: Causality testing 

If cointegration is found, exploring senses of causality between health and income may be of

interest. Following Hansen’s [26] approach, the autoregressive distributed lag relationship (ARDL) 

between identical pairwise health poverty and income poverty indices is tested as follows: 

P h α,t = a 0 + 

K ∑ 

i =1 

λi P 
h 
α,t−i + 

K ∑ 

i =1 

βi P 
r 
α,t−i + e t ; α = 0 , 1 , 2 . (5)
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Fig. 3. Dynamic simulation of the effects of income poverty inequality on health poverty inequality 

Notes : Dots show the average predicted value. Shaded lines show (from darkest to lightest) the 75%, 90% and 95% confidence 

intervals. 
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The test hypotheses are formalised as follows: {
H 0 : βi = 0 for all i = 1 , . . . , K 

H 1 : βi � = 0 for all i 

 Step 6: Performing cointegration over the ARDL bounds test 

In order to avoid statistical artefacts [20 , 21] in the stationarity of the indices and the correlation

etween the distribution of health and the distribution of income, strong checks for cointegration

etween the health poverty indices and the income poverty indices must be conducted. Therefore,

ointegration testing using the ARDL bounds test developed by Philips [27] is adopted across the

ollowing levels: (i) Phillips-Perron and Dickey-Fuller GLS unit root tests are applied; (ii) Depending

n the sense of causality in Step 5 and the results of the Dickey-Fuller GLS unit root test (maximum

ags of each indices), the ARDL bounds model in error-correction form is formulated as follows: 

�P r 0 ,t = α0 + θ0 P 
r 
0 ,t−1 + β1 �P h 0 ,t + θ1 P 

h 
0 ,t−1 (6a)

�P h 1 ,t = λ0 + γ0 P 
h 
1 ,t−1 + γ1 P 

h 
1 ,t−2 + φ1 �P r 1 ,t + γ2 P 

r 
1 ,t−1 (6b)

�P h 2 ,t = μ0 + η0 P 
h 
2 ,t−1 + η1 P 

h 
2 ,t−2 + φ1 �P r 2 ,t + η2 P 

r 
2 ,t−1 (6c)

Note that each index in models (3a)–(3c) must be consecutively lagged to its maximum lags

btained from the Phillips-Perron and Dickey-Fuller GLS unit root tests. (iii) The ARDL models
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described above are estimated and checks for no serial correlation are conducted using the Breusch-

Godfrey, Durbin, and Cumby-Huizinga tests. Additionally, a test for the normality of the residuals is

conducted using the Shapiro-Wilk test. The bounds cointegration test results aim to retain the stronger

long-term relationships between models (3a)–(3c). 

- Step 7: Simulation of ARDL relationships 

The Jordan and Philips [22] dynamic simulation of ARDL error-correction models obtained at the 

end of substep (iii) is run, and the extent to which the indices of health poverty are linked to the

indices of income poverty is obtained. Views of the simulation approach are represented in Figs. 2

and 3 . 

Conclusion 

In the context of controversial analyses of the relationship between health and income, this paper

proposes an income-health relative hypothesis and provides a detailed description of how to test this

hypothesis. The proposed method is applied to a dataset of life expectancy at birth and income per

capita expressed as PPP spanning the period 1990–2017. The method accounts for both static and

dynamic correlation analysis. The results show that the distribution of income (poverty incidence 

and inequality) dynamically affects the distribution of health (poverty incidence and inequality) in 

a region. This finding strongly supports the relative income-health hypothesis, which states that the 

distribution of income in a society is correlated with the distribution of health. This means that

addressing societal income disparities is an important strategy by which to decrease health disparities. 

Our method makes a conceptual contribution to the literature on the relationship between health 

and income. The use of the poverty index leads to the exclusion of the sub-sample of both income-

and health-non-poor individuals. Future research may generate the same indicators over the subgroup 

of non-poor individuals or use other inequality indicators covering the entire sample, i.e. the entire

distribution of health outcomes and income outcomes across the population under consideration. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could influence the work reported in this paper. 

References 

[1] J. Foster, J. Greer, E. Thorbecke, A class of decomposable poverty measures, Econometrica 52 (3) (1984) 761–766, doi: 10.
2307/1913475 . 

[2] E.C. Nwude, R.O. Ugwoke, P.C. Uruakpa, U.S. Ugwuegbe, N.G. Nwonye, Official development assistance, income per capita
and health outcomes in developing countries: is Africa different? Cogent Econ. Financ. 8 (1) (2020) 1774970 janv., doi: 10.

1080/23322039.2020.1774970 . 
[3] L. Pritchett, L.H. Summers, Wealthier is healthier, J. Hum. Resour. 31 (4) (1996) 841–868, doi: 10.2307/146149 . 

[4] Z. Or , Determinants of health outcomes in industrialised countries: a pooled, cross-country, time-series analysis, OECD

Econ. Stud. (20 0 0) 53–78 . 
[5] M.A. Subramanyam, I. Kawachi, L.F. Berkman, S.V. Subramanian, Is economic growth associated with reduction in child

undernutrition in India? PLOS Med. 8 (3) (2011) e10 0 0424 mars, doi: 10.1371/journal.pmed.10 0 0424 . 
[6] K. Harttgen, S. Klasen, S. Vollmer, Economic growth and child undernutrition in sub-Saharan Africa, Popul. Dev. Rev. 39 (3)

(2013) 397–412, doi: 10.1111/j.1728-4457.2013.00609.x . 
[7] D.D. Headey, Developmental drivers of nutritional change: a cross-country analysis, World Dev. 42 (2013) 76–88 févr.,

doi: 10.1016/j.worlddev.2012.07.002 . 

[8] E. Asiedu, N.B. Gaekwad, M. Nanivazo, M. Nkusu, et Y. Jin, On the impact of income per capita on health outcomes: is
Africa different, Retrieved on http://www.aeaweb.org/conference/2016/retrieve.php?pdfib=1019 

[9] S.H. Preston, The changing relation between mortality and level of economic development, Popul. Stud. 29 (2) (1975) 231–
248 juill, doi: 10.1080/00324728.1975.10410201 . 

[10] N.E. Adler, W.T. Boyce, M.A. Chesney, S. Folkman, S.L. Syme, Socioeconomic inequalities in health: no easy solution, JAMA
269 (24) (1993) 3140–3145 juin, doi: 10.10 01/jama.1993.0350 0240 084031 . 

[11] B. Fayissa, P. Gutema, Estimating a health production function for sub-Saharan Africa (SSA), Appl. Econ. 37 (2) (2005)

155–164 févr., doi: 10.1080/0 0 036840412331313521 . 
[12] R.J. Waldmann, Income distribution and infant mortality, Q. J. Econ. 107 (4) (1992) 1283–1302, doi: 10.2307/2118389 . 

[13] R.G. Wilkinson , Income distribution and life expectancy, BMJ 304 (6820) (1992) 165–168 janv. . 

https://doi.org/10.2307/1913475
https://doi.org/10.1080/23322039.2020.1774970
https://doi.org/10.2307/146149
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0004
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0004
https://doi.org/10.1371/journal.pmed.1000424
https://doi.org/10.1111/j.1728-4457.2013.00609.x
https://doi.org/10.1016/j.worlddev.2012.07.002
http://www.aeaweb.org/conference/2016/retrieve.php?pdfib=1019
https://doi.org/10.1080/00324728.1975.10410201
https://doi.org/10.1001/jama.1993.03500240084031
https://doi.org/10.1080/00036840412331313521
https://doi.org/10.2307/2118389
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0013
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0013


O. Traoré / MethodsX 8 (2021) 101410 9 

 

 

 

 

 

[  

[

[  

[  

[  

[  

[

[  
[14] G.A. Kaplan, E.R. Pamuk, J.W. Lynch, R.D. Cohen, J.L. Balfour, Inequality in income and mortality in the United States:

analysis of mortality and potential pathways, BMJ 312 (7037) (1996) 999–1003 avr., doi: 10.1136/bmj.312.7037.999 . 
[15] B.P. Kennedy, I. Kawachi, D. Prothrow-Stith, Income distribution and mortality: cross sectional ecological study of the robin

hood index in the United States, BMJ 312 (7037) (1996) 1004–1007 avr., doi: 10.1136/bmj.312.7037.1004 . 
[16] R.G. Wilkinson, Health inequalities: relative or absolute material standards?, eweb:174305, févr. 22, 1997. https://repository.

library.georgetown.edu/handle/10822/901831 (consulté le mars 23, 2021). 
[17] R.G. Wilkinson , Unhealthy Societies: The Afflictions of Inequality, Routledge, 2002 . 

[18] K. Rajan, J. Kennedy, L. King, Is wealthier always healthier in poor countries? The health implications of income, inequality,

poverty, and literacy in India, Soc. Sci. Med. 88 (2013) 98–107 juill., doi: 10.1016/j.socscimed.2013.04.004 . 
[19] P. Clarke, G. Erreygers, Defining and measuring health poverty, Soc. Sci. Med. 244 (2020) 112633 janv., doi: 10.1016/j.

socscimed.2019.112633 . 
20] H. Gravelle, How much of the relation between population mortality and unequal distribution of income is a statistical

artefact? BMJ 316 (7128) (1998) 382–385 janv., doi: 10.1136/bmj.316.7128.382 . 
21] S.D. Boef, L. Keele, Taking time seriously, Am. J. Political Sci. 52 (1) (2008) 184–200, doi: 10.1111/j.1540-5907.2007.00307.x . 

22] S. Jordan, A.Q. Philips, Cointegration testing and dynamic simulations of autoregressive distributed lag models, The Stata

Journal 18 (4) (2018) 902–923 déc, doi: 10.1177/1536867X1801800409 . 
23] A. Coudouel, J. Hentschel, et Q. Wodon, Mesure et analyse de la pauvreté, avr. 2002. https://mpra.ub.uni-muenchen.de/

10490/ (consulté le avr. 26, 2021). 
24] J. Foster, J. Greer, E. Thorbecke, The Foster–Greer–Thorbecke (FGT) poverty measures: 25 years later, J. Econ. Inequal. 8 (4)

(2010) 491–524 déc., doi: 10.1007/s10888- 010- 9136- 1 . 
25] S. Johansen, Identifying restrictions of linear equations with applications to simultaneous equations and cointegration, J.

Econom. 69 (1) (1995) 111–132 sept, doi: 10.1016/0304-4076(94)01664-L . 

26] B.E. Hansen, Econometric Theory, in: Time Series AnalysisJames D., 11, JSTOR, www.jstor.org/stable/3532950, 1995, pp. 625–
630, doi: 10.1017/S026646660 0 0 09440 . Accessed 2 June 2021 . 

27] A.Q. Philips, Have your cake and eat it too? Cointegration and dynamic inference from autoregressive distributed lag
models, Am. J. Political Sci. 62 (1) (2018) 230–244, doi: 10.1111/ajps.12318 . 

https://doi.org/10.1136/bmj.312.7037.999
https://doi.org/10.1136/bmj.312.7037.1004
https://repository.library.georgetown.edu/handle/10822/901831
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0017
http://refhub.elsevier.com/S2215-0161(21)00203-X/sbref0017
https://doi.org/10.1016/j.socscimed.2013.04.004
https://doi.org/10.1016/j.socscimed.2019.112633
https://doi.org/10.1136/bmj.316.7128.382
https://doi.org/10.1111/j.1540-5907.2007.00307.x
https://doi.org/10.1177/1536867X1801800409
https://mpra.ub.uni-muenchen.de/10490/
https://doi.org/10.1007/s10888-010-9136-1
https://doi.org/10.1016/0304-4076(94)01664-L
https://doi.org/10.1017/S0266466600009440
https://doi.org/10.1111/ajps.12318

	Methods for testing the income-health relative hypothesis that the distribution of income in a society affects the distribution of health
	Introduction
	Method details
	The FGT poverty measurement
	Analysis of health and income distributions

	Conclusion
	Declaration of Competing Interest
	References


