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Abstract

Objective

To advance the goal of “Grand Convergence” in global health by 2035, this study tested the

convergence hypothesis in the progress of the health status of individuals from 193 coun-

tries, using both standard and cutting-edge convergence metrics.

Methods

The study used multiple data sources. The methods section is categorized into two parts.

(1) Health inequality measures were used for estimating inter-country inequalities. Disper-

sion Measure of Mortality (DMM) is used for measuring absolute inequality and Gini Coeffi-

cient for relative inequality. (2) We tested the standard convergence hypothesis for the

progress in Infant Mortality Rate (IMR) and Life Expectancy at Birth (LEB) during 1950 to

2015 using methods ranging from simple graphical tools (catching-up plots) to standard

parametric (absolute β and σ-convergence) and nonparametric econometric models (kernel

density estimates) to detect the presence of convergence (or divergence) and convergence

clubs.

Findings

The findings lend support to the "rise and fall" of world health inequalities measured using

Life Expectancy at Birth (LEB) and Infant Mortality Rate (IMR). The test of absolute β-con-

vergence for the entire period and in the recent period supports the convergence hypothesis

for LEB (β = -0.0210 [95% CI -0.0227 - -0.0194], p<0.000) and rejects it for IMR (β = 0.0063

[95% CI 0.0037–0.0089], p<0.000). However, results also suggest a setback in the speed of

convergence in health status across the countries in recent times, 5.4% during 1950–55 to

1980–85 compared to 3% during 1985–90 to 2010–15. Although inequality based conver-

gence metrics showed evidence of divergence replacing convergence during 1985–90 to

2000–05, from the late 2000s, divergence was replaced by re-convergence although with a

slower speed of convergence. While the non-parametric test of convergence shows an

emerging process of regional convergence rather than global convergence.
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Conclusion

We found that with a current rate of progress (2.2% per annum) the “Grand convergence” in

global health can be achieved only by 2060 instead of 2035. We suggest that a roadmap to

achieve “Grand Convergence” in global health should include more radical changes and

work for increasing efficiency with equity to achieve a “Grand convergence” in health status

across the countries by 2035.

Introduction

Reduction in mortality reflects improvements in the health and well-being of populations. The

brighter side of the global health trends is that there has been an enormous payoff from invest-

ing in health in the last two decades and a half [1]. Human life is superior now compared to

any time in the past. The ‘great escape’ from the mortality trap [2] that prevailed until the early

19th century has led to the world’s population now living longer and healthier lives than at any

other time in the past [3]. The life expectancy of the population has progressed, not only at the

time of birth but also across all age groups and across different countries [4,5]. The declines in

mortality rates, especially during childhood, have been particularly remarkable [4,6,7]. Glob-

ally, life expectancy at birth (LEB) has increased from 46.5 years in 1950–55 to 65.0 years in

1995 to 2000, and to 75.0 years in 2010–15, accounting to more than 50% improvement from

1950–55 to 2010–15. Over the same period, the number of years that a newborn is expected to

live, on average, increased globally by 24 years, or by about 3.6 years per decade [8]. However,

the dark side is the persistence of health inequalities across the regions and within individual

countries.

While the between-country health inequality in the world is well known [5,6,7,9], how far

the differences are converging, or diverging and its correlates have been a matter of great inter-

est for health policy and monitoring. The debate on between-country mortality rates and

health inequalities continue to be largely debated based on the analyses of the recent trends or

the current levels [5,6,10,11]. However, analyses based on recent mortality and health data

have serious limitations in understanding the true trajectories of between-country inequalities

[12]. With changing socioeconomic, demographic and epidemiological scenarios across coun-

tries[3,13], the major concern for global health policy has been the heterogeneity and variation

in the tempo of health transition across regions, and countries within the regions in the wake

of diverging economies, health systems, and healthcare spending.

This study looks at how health is faring worldwide and focuses on providing appropriate

metrics for measuring and monitoring health policies and indicators. We aim to use a set of

econometrics tools to study the mortality and health transition, convergence and its correlates.

The study advances the empirical examination of summary measures of convergence assess-

ment by investigating convergence not only in the averages but also in the absolute and relative

inequalities in key health indicators and its correlates.

Previous evidence

Despite significant progress in average mortality indicators throughout the world, researchers

are still divided in charting whether world-wide improvement were accompanied by a deter-

ministic process of convergence in population health. For instance, McMichael and colleagues

[14]. analyzed mortality data from 1950 to 2000 and drew attention to three groups of
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countries based on life expectancy trends: those that have experienced rapid improvements in

their mortality experience and life expectancy, those that have experienced relative stagnation,

and those that have experienced an erosion of life expectancy and reversals in mortality. Oth-

ers such as Moser and colleagues [15] and Neumayer [16] demonstrated that despite showing

an overall upward trajectory, the emerging picture of erratic mortality trends and regional set-

backs indicated that future health gains are not guaranteed by any general deterministic pro-

cess of convergence. Among others who empirically tested the convergence hypothesis on

long-term mortality and health data have reached diverse conclusions. A majority of these

studies find that convergence was replaced with divergence since the late 1980s [17,18,19,20].

Wilson [18] supported convergence hypothesis, while Bloom and Canning [2], Dorius [12]

and Coal and Niemeyer [17], Goli and Arokiasamy [21] suggested the rising of convergence

clubs rather than absolute convergence; and also, greater divergence in life expectancies from

the 1990s.

Previous literature has documented empirical evidence on convergence [or divergence]

hypotheses on trends in world health status until 2005 [12,14,15,18]. While the most recent

research on trends in health status adopts an optimistic perspective, which aims for a “Grand

convergence” in health across the world within a lifetime. Although the recent literature sug-

gests the need for analyzing opportunities and challenges in achieving convergence, it has not

specifically tested the convergence hypothesis empirically [20,22]. In particular, based on exist-

ing evidence [12,14,15,18] we are unable to assess the speed at which countries across the

world are converging in terms of their health status.

Data sources

The study used multiple data sources. We have compiled data on Infant mortality rates (IMR)

and Life expectancy at birth (LEB) from United Nations’ Population Prospects for all 193

countries with a population of at least one million in 2015. We have obtained data on other

socio-economic, health outcome and health care, household environment and climatic covari-

ates for all the select countries. We consider literacy and Gross Domestic Product (GDP) per

capita as indicators of social and economic development, while IMR, LEB, Maternal Mortality

Ratio (MMR) and per capita health care expenditure measures of health outcomes and health

care. Access to improved water and sanitation were considered as indicators of household

environment, while Carbon dioxide (CO2) emissions were included as an indicator of a

macroclimatic factor. Details of the data sources are described in Table 1.

Methodology

I. Measuring health inequality

The paper reflects on the debate of measuring health inequalities as distinct from measuring

the average levels of health. The analyses in this paper are presented in two parts. The first part

mainly deals with estimating inter-country inequalities in health, and the second part deals

with whether the improvements in health indicators or health gaps are converging or diverg-

ing. In the first part, the global health inequalities at a point in time were quantified by using

the Dispersion Measure of Mortality (DMM) and the Gini Coefficient. The trends in the

DMM and Gini Coefficient indicate absolute and relative inequalities respectively. The mathe-

matical proofs of the models are given below.

1.1 Dispersion Measure of Mortality. The DMM quantifies the degree of dispersion that

exists at a given point of time in the mortality experiences of a particular country. It is calcu-

lated as the average of the absolute difference in mortality, weighted by population size,

between every pair of countries. Changes in the DMM over time indicate whether mortality is
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becoming more or less similar across the world. Thus, a decrease indicates convergence and

an increase indicates divergence.

The DMM for life expectancy at birth is measured using years of life, and the DMM for

infant mortality is measured in infant deaths per thousand live births. It is obtained by the for-

mula given below [15, 23].

DMM ¼
1

2ðWZÞ
2

X

i

X

J

ðjMi � Mjj �WI �WJÞ

Where, I, j are countries, and 1�i, j� 193

Z is equal to 1

M is the mortality rate

W is the weighting and ∑iWi = ∑jWj = Wz

When applied to life expectancy at birth, M = life expectancy at birth of the country, Wz = 1

and WI represents the relative population size of the country. The DMM claims to have an

advantage over other commonly used measures as it not only uses information about mortality

and socio-economic distribution but also provides weight for the size of the unit.

1.2. Gini coefficient. To assess the overall relative inequality, this study used the Gini con-

centration index. The Gini coefficient is an extremely informative measure since it examines

Table 1. List of Indicators used and details of the data sources.

Indicator Data Source
Infant Mortality Rate (Per 1000

live birth)

United Nations Population Division, World Population Prospects from 1950–55

to 2010–15.) (http://data.un.org/Data.aspx?q=Infant+mortality+rate+1950&d=

PopDiv&f=variableID%3a77%3btimeID%3a2

Life Expectancy at Birth (Year) United Nations Population Division, World Population Prospects form 1950–55

to 2010–15) (http://data.un.org/Data.aspx?q=Life+expectancy&d=PopDiv&f=

variableID%3a68

Literacy rate (%) UIS data centre, UNESCO (http://data.uis.unesco.org/Index.aspx?DataSetCode=

EDULIT_DS&popupcustomise=true&lang=en#)

Total Population (Number) United Nations Population Division, World Population Prospects for 2015

(http://data.un.org/Data.aspx?q=total+population+2015&d=PopDiv&f=

variableID%3a12%3btimeID%3a79)

MMR (Per 100,000 live birth) World Health Organization, 2015 (http://www.who.int/gho/maternal_health/

countries/en/)

Health expenditure per capita

(US$)

World Health Organization Global Health Expenditure database for 2015

compiled by the World Bank (http://apps.who.int/nha/database/Select/

Indicators/en)

GDP Per capita (US$) World Health Organization Global Health Expenditure database for 2015

compiled by the World Bank (http://apps.who.int/nha/database/Select/

Indicators/en)

Improved water source (%) WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and

Sanitation (https://data.worldbank.org/indicator/SH.H2O.SAFE.ZS)

Improved sanitation facilities

(%)

WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and

Sanitation (https://data.worldbank.org/indicator/SH.STA.ACSN)

CO2 emission (Metric tons per

capita)

Carbon Dioxide Information Analysis Center, Environmental Sciences Division,

Oak Ridge National Laboratory, Tennessee, United States 2015 compiled by the

World Bank(https://data.worldbank.org/indicator/EN.ATM.CO2E.PC),

Emissions Database for Global Atmospheric Research (http://edgar.jrc.ec.

europa.eu/overview.php?v=CO2ts_pc1990-2015)

Antenatal Care (ANC) visits (%

at least one)

UNICEF (https://data.unicef.org/topic/maternal-health/antenatal-care/)

Children full immunization (%) WHO and UNICEF (http://www.who.int/gho/immunization/en/) and (https://

data.unicef.org/topic/child-health/immunization/)

https://doi.org/10.1371/journal.pone.0213139.t001
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all parts of the distribution at once. In case of the quantitative variable, it also facilitates direct

comparisons of two or more populations, regardless of their sizes. It can, therefore, be used

efficiently for the comparison of inequality between groups, countries or regions

The estimation of Gini for Life Expectancy at Birth (LEB) is equal to DMM divided by the

average life expectancy of the countries [10].

G ¼
DMM

�e0
0

;where �e0
0 ¼

X

i

Pi ei
0

� �

Where G = Gini index value, DMM = Dispersion Measure of Mortality, �e0
0 is average life

expectancy at birth adjusted by the population proportion of the country i. . .in.

II. Convergence metrics

2.1 Absolute β-convergence model. The absolute β-convergence measure is used where

the gap between laggard and developed nations shrinks especially due to higher progress in

laggard nations. β-Convergence model in a cross-section of nations assumes a negative rela-

tionship between the growth rate of an indicator and its initial levels. It is estimated by a

regression model proposed by Barro [24].

This model is represented in the form of the following equation:

In
Yi;tþk

Yi;t

" #

¼ aþ b:lnðyi:tÞ þ εit

Where In Yi;tþk
Yi;t

h i
is the mean annualized growth rate of the variable y in the state i in the

period (t, t+k), yi.t is the value in the initial time t and εit are the corresponding residuals.

Further, the speed of convergence is computed as: s = − [ln (1+Tβ) /T]. Where the term

s = speed of convergence and Tβ is the β-convergence in T period.

Based on the speed of convergence, the time to reach absolute convergence is estimated as:

T = [Range in LEB in 2015/ (Range in LEB in 2015�(speed of convegence in 1950 to 2015/

100)].

β-Convergence is a necessary but not sufficient condition for σ-convergence. Thus, it is

imperative to test σ- convergence alongside β-Convergence [25].

2.2 σ -convergence measure. A reduction in the cross-sectional dispersion of a variable

over time indicates σ- convergence. S- convergence measure postulates that convergence

occurs when the dispersion of health indicators decreases [25]. Extending this logic to the case

of health inequalities around the world, we expect the standard deviation between health indi-

cators (LEB and IMR) across the nations to shrink eventually. The σ -convergence model was

estimated as:

st > stþT

Where σt is the standard deviation (or assimilated measure) of the indicator at the time t. If

the parameter σt+K reduces, it implies evidence of convergence.

Although the measure of convergence through standard deviation by taking the health out-

come measures in their original form can be problematic in the case of changing means, stan-

dard deviations move according to movement in the mean of the health measures with the

constant distributional pattern. However, alterations in the method such as taking variables in

its original form or taking logarithmic of the health measures will hardly make any significant

difference for the analysis of convergence trends through standard deviation [16].
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2.3 Kernel density estimator. Similar to the income transition story, health transition is

also characterized by the existence of dual regimes of high and low mortality [26]. Over time,

as convergence prevails, the second peak is predicted to disintegrate since all the countries

adhere to the longer life and fewer deaths regime. Quah [21] points out that the idea underly-

ing the regressions of growth on the initial level of the indicator is that the initial condition

determines the transitory dynamics, while the conditioning variables explain the trend. How-

ever, the underlying assumption that every country has a stable growth path well-approxi-

mated by a time trend may not always stand true. Unlike the parametric measures, non-

parametric approaches do not rely on assumptions about the nature of data except perhaps its

smoothness [27, 28], thus enabling them to present a closer picture regarding convergence.

The kernel estimator is one of the most widely used non-parametric techniques to study

convergence [23]. It may be defined as

Let f = f (x) denote the continuous density function of a random variable X at a point x, and

let x1, . . .,xn be the observations from f.
Rosenblatt [24] defined a kernel function K as:

Z1

� 1

KðyÞdy ¼ 1

Where, K(y)�0.

The general kernel estimator fˆ (x) is defined by:

df ðxÞ ¼
1

nh

Xn

i¼1

K
xi � x
h

� �
¼

1

nh

Xn

i¼1

KðYiÞ

Where, Yi = h−1(xi−x), n is the number of observations in the sample, h is the window

width (bandwidth) which is a function of the sample size and goes to zero as n!1.

Convergence metrics

There is no harmonisation among scholars on the process and measures of convergence.

Therefore, this study used all available convergence metrics to draw the most agreeable conclu-

sion on the test of convergence hypothesis on progress in trends of global health status. The

convergence process was examined using methods ranging from simple graphical tools (catch-

ing-up plots) to standard parametric (absolute β and σ-convergence), and nonparametric

econometric models (kernel density estimates) to detect the presence of convergence (or diver-

gence) and convergence clubs. Previous studies [2,12,14,15,19] which adopted these statistical

tools considered them as being novel approaches to the measurement of global health conver-

gence in their respective studies.

Results

LEB and IMR: Trend analysis

We examined the long-term trends in LEB and IMR based on available data for 193 countries

for the period, 1950–55 to 2010–15. The results show a 40 percent gain in average LEB and 79

percent reduction in IMR over the study period. However, the range of LEB followed a sinuous

pattern, i.e., fall-rise-fall over the study period, and the range of IMR shows a substantial

decline, notwithstanding a considerable increase during 1975–80. The fluctuation in mini-

mum values and the range of LEB indicates more unstable progress in health indicators across
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the less developed countries, while a stable increase in the maximum LEB reveals that a more

consistent trend in the improvement of health status in more developed countries (Table 2).

The absolute and relative inequality in both the indicators have been measured using DMM

and Gini coefficients respectively. Absolute inequality in LEB shows a continuous declining

trend despite post-1990s setbacks that resulted in an acceleration in the rate of reduction. The

relative inequality in LEB also shows a similar trend, albeit with a higher rate of reduction. The

results of LEB trend for all the three measures affirm a falling health gap across countries dur-

ing the period, 1950–55 to 2010–2015 (Fig 1).

In the case of IMR, the absolute inequality (DMM) showed a continuous decline with the

former declining comparatively faster than the latter over the study period. On the other hand,

relative inequality (Gini coefficient) in IMR shows an increasing trend, characterised by faster

increment during 1960–70 followed by a substantial decline during 1980–95. However, the rel-

ative inequality in the last decade shows an increasing trend. The contradiction in the direction

of DMM, Gini Coefficient of IMR proves that worldwide, absolute inequality in IMR was on

the decline, while relative inequality in IMR continues to rise (Fig 2).

Testing the convergence hypothesis

Convergence: Catching-up process. The Neo-classical or Solow’s growth framework24

suggested that catching-up mechanism is necessary for convergence, which can be identified

by plotting a scatter diagram for changes in an indicator at two points in time (current period)

against values in the initial period. Fundamentally, in case of convergence, countries with

lower levels of initial LEB should experience a greater gain vis-a-vis lower gain in countries

with higher levels of initial LEB. Fig 3 shows the relative change in LEB for two points of time

against the mean values in initial period for 193 countries. In case of LEB, our results showed a

negative association between change and initial level of LEB. This indicates that the catching-

up process is evident for laggard countries in case of LEB, showing that the laggard countries

are experiencing higher growth in LEB compared to advanced countries. However, the catch-

ing-up process in the LEB is not very strong as still few countries with lower LEB levels

Table 2. Summary statistics of LEB and IMR across world countries, 1950–55, 2010–15.

Year Observation Mean Min Max Range

LEB IMR LEB CI [95%] (Lower-Upper limit) IMR CI [95%] (Lower-Upper limit) LEB IMR LEB IMR LEB IMR

1950–1955 193 193 50.05 48.32–51.78 130.02 120.87–139.16 26.96 20 72.66 281 45.7 261

1955–1960 193 193 52.70 50.96–54.43 114.90 106.17–123.63 27.98 17 73.49 256 45.51 239

1960–1965 193 193 55.03 53.32–56.75 101.60 93.34–109.85 28.61 16 73.55 251 44.94 235

1965–1970 193 193 57.10 55.46–58.75 89.47 81.75–97.19 30.8 13 74.05 216 43.25 203

1970–1975 193 193 59.03 57.45–60.61 78.89 71.67–86.10 34.2 11 74.76 199 40.56 188

1975–1980 193 193 60.80 59.22–62.37 70.34 63.08–77.60 14.49 8 76.23 320 61.74 312

1980–1985 193 193 62.68 61.24–64.12 60.80 54.49–67.12 39.45 6 76.95 184 37.5 178

1985–1990 193 193 64.24 62.84–65.64 53.60 47.69–59.52 39.13 5 78.51 158 39.38 153

1990–1995 193 193 65.09 63.65–66.54 49.13 43.04–55.23 23.05 4 79.45 289 56.4 285

1995–2000 193 193 66.06 64.64–67.48 42.48 37.35–47.61 36.69 4 80.48 149 43.79 145

2000–2005 193 193 67.30 65.86–68.74 36.66 32.08–41.25 40.73 2 81.83 135 41.1 133

2005–2010 193 193 69.09 67.76–70.42 31.28 27.30–35.27 44.96 2 82.62 117 37.66 115

2010–2015 193 193 70.74 69.53–71.96 26.75 23.27–30.23 49.19 2 83.73 96 34.54 94

Note: LEB—Life Expectancy at Birth, IMR—Infant Mortality Rate, SD—Standard Deviation, Min.—Minimum, Max.—Maximum, Confidence Interval (95%) in

parentheses

https://doi.org/10.1371/journal.pone.0213139.t002
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experience smaller change, while some countries with higher LEB levels experience higher

change during 1950 to 2015. Similarly, Fig 4 indicates that the laggard countries with high lev-

els of IMR in the initial period are experiencing a greater change in IMR compared to the

advanced countries with the lower initial level of IMR. Again, although there is evidence of a

catch-up process in reduction in IMR in laggard countries, it not very strong.

Absolute β−Convergence. Although the catching-up mechanism provides some indica-

tion of the emerging convergence process, the volume of convergence can be identified only

through classical summary measures of convergence. Table 3 shows the results of the absolute

β-convergence model for LEB for 193 countries. The results indicate that during the period

1950–55 to 2010–15, progress in LEB shows a statistically significant convergence across coun-

tries (β = -0.0210, p<0.01). Similarly, the result from piece-wise β−convergence model showed

the consistent trend of convergence in LEB for the period from 1950–55 to 1980–85 (β =

-0.0267, p<0.01) and 1985–90 to 2010–15 (β = -0.0212, p<0.01). The results support the find-

ings from the catching-up plots, which show that countries with lower initial values of LEB

showed higher progress vis-a-vis advanced countries. The results for the speed of convergence

estimates revealed that the countries are converging at the rate of 2.2 per year during 1950–

Fig 1. Trends in Dispersion Measure of Mortality (DMM),and Gini Index of LEB across 193 Countries, 1950–55 to 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g001
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2015; speed of convergence is slowing down in the recent decade. The speed of convergence

indicates 0.35 years of decline in the range of LEB across countries. With this rate, from 2015

onwards it would take more than 45 years to achieve absolute global convergence in LEB

across countries.

Table 4 showed β-convergence for progress in reduction of IMR across the 193 countries

showed a significant diverging trend. The result of absolute β−convergence showed the same

picture as catching-up plots, that in spite of the considerable reduction in the level of IMR dur-

ing the period 1950–55 to 2010–15, absolute β−convergence for IMR shows statistically signifi-

cant divergence (β = 0.0063, p<0.01). Similar findings are observed through the piece-wise β-

convergence model, which indicated that the rate of reduction in IMR among countries with

higher initial values tend to show slower improvement, whereas the rate of reduction is higher

among the advanced countries with low level of initial value of IMR. The speed of divergence

revealed that the progress in reduction of IMR across the countries is diverging at the rate of

-0.5 per year during 1950–55 to 2010–15, which is increasing in the more recent period.

σ–Convergence. σ–convergence has been measured using population-weighted standard

deviation in LEB and IMR over the sample period and is presented in Fig 5. The trends in

Fig 2. Trends in Dispersion Measure of Mortality (DMM) and Gini Index of IMR across 193 Countries, 1950–55 to 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g002

World health converging or diverging

PLOS ONE | https://doi.org/10.1371/journal.pone.0213139 March 19, 2019 9 / 20

https://doi.org/10.1371/journal.pone.0213139.g002
https://doi.org/10.1371/journal.pone.0213139


standard deviation for both variables show overall convergence at a varied pace. The trends in

standard deviation for LEB and IMR showed a constant decline over the period, 1950–2015,

suggesting that there is clear evidence for convergence. The rate of convergence in standard

deviation had shown a faster decline in recent period notwithstanding the setbacks of post-

1990s which stalled or reversed the tide of grand convergence.

Convergence clubs: Kernel density estimate. The findings from testing the hypothesis of

convergence clubs through non-parametric tests (Gaussian kernel density plots) indicated the

presence of convergence clubs in the case of LEB over the study period. These results are pre-

sented in Fig 6. With regards to LEB, both for the period 1950–55 and the more recent 2010–

15, we observe evidence of the presence of twin peaks in the Kernel distribution of LEB across

the countries. In the period 2010–15, the peak at higher LEB values holds the maximum num-

ber of countries which indicates convergence in LEB across countries. This can be substanti-

ated by looking at the spread of peaks, showing the larger spread in peaks for the period 1950–

55 compared to peaks for the year 2010–15. While in the case of IMR, the presence of conver-

gence clubs is not evident in 1950–55, but the emergence of convergence clubs can be observed

from 2010–15. The result shows that there is evidence of the larger peak at lower IMR values

and a smaller secondary peak at higher IMR values, which mean that the largest groups of

countries are located under larger peaks with lower IMR, indicates convergence in the year,

2010–15 (Fig 7).

Fig 3. Catching-up process of life expectancy at birth (LEB) across countries, 1950–55, 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g003
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Correlates of LEB and IMR

There has been ample research into the nature of differences in health transition across coun-

tries and regions over time and its causes mostly with micro-level data. Even small differences

in the improvement of health, if cumulated over a long period, may have a substantial macro-

level impact. Despite considerable research on the subject and global health policy efforts,

cross-country and cross-regional health disparities have increased over time. Understanding

the determinants of between-country health inequalities is essential to formulate appropriate

policies, draw pathways for convergence and bring about required institutional changes to

reduce the health inequalities across the world countries. The ideal method to identify the

pathways in macro-level analyses is to perform panel data regression models, but due to miss-

ing information for a considerable number of predictors for the initial period, we decided to

model regressions at a point in time.

Fig 4. Catching up process of infant mortality (IMR) across countries, 1950–55, 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g004

Table 3. Absolute β convergence for life expectancy at birth across countries, 1950–55, 2010–15.

Period β coefficient CI [95%] (Lower-Upper limit) P value Adjusted R2 Speed of convergence (% per annum)

1950–55 to 1980–85 -0.0267 (-0.0294–0.0239) 0.000 0.66 5.4

1985–90 to 2010–15 -0.0212 (-0.0249–0.0175) 0.000 0.40 3.0

1950–55 to 2010–15 -0.0210 (-0.0227–0.0194) 0.000 0.77 2.2

https://doi.org/10.1371/journal.pone.0213139.t003
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We used the OLS regression technique to identify the socio-economic, health outcome and

health care, household environment and climatic correlates of LEB and IMR across our sample

of countries. We consider literacy and GDP per capita as indicators of social and economic

development respectively, while IMR, MMR and per capita health care expenditure as mea-

sures of health status outcome and health care. Access to improved water and sanitation were

considered as indicators of household environment, while CO2 emissions were included as an

indicator of macroclimatic factors. Three separate OLS models were estimated to see the gross

Table 4. Absolute β convergence for infant mortality rate across countries, 1950–55, 2010–15.

Period β coefficient P value CI [95%] (Lower-Upper limit) Adjusted R2 Speed of convergence (% per annum)

1950–55 to 1980–85 0.0094 0.000 (0.0063–0.0124) 0.16 -0.8

1985–90 to 2010–15 0.0099 0.000 (0.0049–0.0149) 0.07 -0.9

1950–55 to 2010–15 0.0063 0.000 (0.0037–0.0089) 0.10 -0.5

https://doi.org/10.1371/journal.pone.0213139.t004

Fig 5. Sigma convergence for life expectancy at birth and infant mortality rate across the countries, 1950–55, 2010–15. Note:

estimated based on population-weighted standard deviation.

https://doi.org/10.1371/journal.pone.0213139.g005
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influence of socio-economic, health and environmental dimensions separately, while Model-4

was used to see the net influence of all three dimensions together on LEB and IMR. The loga-

rithmic values of dependent and independent values were used in the analyses to reduce skew-

ness and ensure normality of the error terms. Table 5 shows the correlates of LEB across

countries for the period 2010–2015. The model 1 shows the effect of literacy and GDP per cap-

ita on LEB. The results indicate that literacy (β = 0.1496, p<0.01) and GDP per capita (β =

0.0437, p<0.01) are positively associated with LEB, meaning the country with high levels of lit-

eracy rate and GDP per capita have high levels of LEB. Model 2 shows the effect of IMR, MMR

and per capita health care expenditure on LEB. The results show that IMR (β = -0.0522,

p<0.01) and MMR (β = -0.0335, p<0.01) were negatively associated with LEB, while per capita

health care expenditure was positively associated with LEB. In other words, countries with

higher levels of IMR and MMR have lower levels of LEB, while countries with higher spending

n health care have longer LEB. Model 3 shows a significant positive association between access

to improved water (β = 0.1821, p<0.01) and sanitation (β = 0.1195, p<0.01) and LEB, implying

that higher access to improved water and sanitation facility is significantly contributing to

higher levels of LEB. When we considered all the parameters together in Model 4, the results

show that literacy rate, GDP per capita are positively associated with LEB, while IMR (β =

-0.0671) was significantly and negatively associated with LEB. Further, countries with higher

Fig 6. Non-Parametric test (Kernel density plots) of convergence in life expectancy at birth (LEB) across world

countries, 1950–55, 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g006
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access to improved water (β = 0.1058, p<0.01) and sanitation facility (β = 0.0609, p<0.01) con-

tinue to hold a high positive association with LEB even after controlling for other factors.

Table 6 presents the OLS regression results on the association between IMR and adult liter-

acy rate, GDP per capita, maternal health care, and level of child full immunization, access to

safe drinking water, sanitation facility and CO2 emissions across our sample of countries.

Model 1 shows that countries with high levels of literacy (β = -0.6873) and GDP per capita (β =

-0.4748) experience low levels of IMR. Model 2 shows that utilization of ANC care was signifi-

cantly conducive in reducing IMR across the world. MMR (β = 0.4229, p<0.01) was positively

associated with IMR; indicating that countries with poor maternal healthcare facilities have

high levels of IMR. Further, countries spending more on health (β = -0.1832, p<0.01) have low

IMR. Model 3 shows that access to improved source of drinking water (β = 1.3288, p<0.01) and

sanitation (β = 0.3385, p<0.01) facility was negatively associated with IMR. When Model 4 con-

siders all the factors, the results show that literacy rate, GDP per capita and utilization of ANC

facilities were negatively associated with IMR. Similarly, countries spending more on health

care expenditure continued to show low IMR (β = -0.1499, p<0.045), while countries with poor

maternal healthcare services (0.5155) have a high IMR even after controlling for other factors.

Fig 7. Non-Parametric test (Kernel density plots) of convergence in infant mortality rate (IMR) across world countries,

1950–55, 2010–15.

https://doi.org/10.1371/journal.pone.0213139.g007
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Discussion

In this study, we used both standard and inequality based convergence metrics to test the

hypothesis of convergence both in averages and relative distribution of LEB and IMR in 193

countries worldwide. Our results confirm the findings of previous studies [1,12,14,15,16,18,20]

that found evidence of considerable progress in global averages of LEB and IMR. Our findings

revealed a trend of ‘rise-fall-rise’ in inequalities in world health status during the period 1950

to 2015, despite the fact that the speed of fall being slow in the recent times. The progress in

relative and absolute inequality for LEB is found to be in the direction of a steady-state level.

Whereas for IMR, although absolute inequality indicated a state of convergence, relative

inequality continued to show a diverging trend. Non-parametric measures also affirm the

hypothesis of a significant convergence for LEB and divergence for IMR over the period stud-

ied. Such findings illustrate divergent progress across different countries which may postpone

a ‘Grand Convergence’ in the global health scenario that was previously expected by 2035.

Table 5. Results of linear regression: Correlates of Life Expectancy at Birth across the countries, 2010–2015, (n = 174).

Variables β-Coefficient

Model-1 Model-2 Model-3 Model-4

Socio-economic Log of Literacy rate 0.1496��� 0.0081

(0.0848–

0.2143)

(-0.0491–

0.0652)

Log of GDP Per capita 0.0437��� -0.0115

(0.0285–

0.0589)

(-0.0344–

0.0114)

Health & Health Care Log of IMR -0.0522��� -0.0671���

(-0.0756–

0.0288)

(-0.0986–

0.0356)

Log of MMR -0.0335��� -0.0096

(-0.0482–

0.0188)

(-0.0311–

0.0120)

Log of Health expenditure per capita (current

US$)

0.0023 -0.0002

(-0.0092–

0.0139)

(-0.0241–

0.0236)

Household environment and basic

amenities

Log of Improved water source 0.1821��� 0.1058��

(0.0930–0.2712) (0.0200–0.1917)

Log of Improved sanitation facilities 0.1195��� 0.0609���

(0.0899–0.1492) (0.0246–0.0971)

Climate Log of CO2 emission 0.0016 -0.0026

(-0.0003–

0.0035)

(-0.0182–

0.0130)

Constant 3.2103��� 4.5154��� 2.9301��� 3.8114���

(2.9878–

3.4328)

(4.4034–4.6273) (2.6080–3.2522) (3.3577–4.2650)

Prob> F 0 0 0 0

R-squared 0.6107 0.8554 0.663 0.8705

Adj R-squared 0.6047 0.8514 0.657 0.859

Root MSE 0.6246 0.3717 0.6441 0.338

Standard error in parenthesis

��significant at p<0.05

���significant at p<0.01, CO2 emission is proxy of climate change, Confidence Interval (95%) in parentheses.

https://doi.org/10.1371/journal.pone.0213139.t005
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Based on the speed of convergence, the estimated time to reach absolute convergence is: T =

[LEB of 34.54 in 2015/(LEB of 34.54 in 2015�(2.2% per annum in 1950 to 2015/100)]. This sug-

gests that with the current rate of convergence in global health status a ‘Grand Convergence’ is

not possible before 2060 unless there are radical policy shifts. From a policy perspective, our

findings also suggest that reducing avoidable mortality, improving access to basic amenities

such as safe drinking water and sanitation in laggard countries will help them catching-up to

life expectancy levels of developed countries.

The findings of this study in the context of existing literature in the field suggests that a sig-

nificant amount of this divergent progress is possibly coming from within country socio-eco-

nomic and regional inequalities among laggard countries which adversely affects their overall

progress [1,21,30]. With economic growth, not everyone is getting rich at the same time, and

not everyone is getting immediate access to the latest life-saving measures due to pre-existing

social hierarchies. Deaton [3] describes it as “Growth, inequality, and catch up are two sides of

the same coin. The dark side is what happens when the process is hijacked so that catch-up

never comes. Powerful and wealthy elites have choked off demographic and health progress

before, and they can do so again if they are allowed to undermine the institutions on which

broad-based demographic and health progress depends”.

Table 6. Results of linear regression: Correlates of IMR across the countries, 2010–2015 (n = 174).

Variables β-Coefficient

Model-1 Model-2 Model-3 Model-4

Socio-economic Log of Literacy rate -0.6873��� 0.0692

(-1.1551–0.2196) (-0.4473–0.3090)

Log of GDP Per capita -0.4748��� 0.037

(-0.5847–0.3650) (-0.1746–0.1006)

Health & Health Care Log of ANC visit (at least one) 0.1636 0.1976

(-0.6457–0.3184) (-0.7241–0.3289)

Log of Immunization 0.0398 0.0153

(-0.3481–0.2685) (-0.3901–0.4206)

Log of MMR 0.4229��� 0.5155���

(0.3515–0.4944) (0.4274–0.6037)

Household environment and basic amenities Log of Health expenditure per capita 0.1832��� 0.1499��

(-0.2580–0.1083) (-0.2897–0.0101)

Log of Improved water source 1.3288��� 0.4495

(-2.1117–0.5458) (-1.0265–0.1276)

Improved sanitation facilities 0.3385�� 0.1638

(-0.6419–0.0352) (-0.0659–0.3934)

Climate Log of CO2 emission 0.3306��� 0.0960��

(-0.4278–0.2334) (0.0006–0.1914)

Constant 9.9635��� 3.1413��� 10.3329��� 4.3736

(8.3566–11.5705) (0.8451–5.4375) (7.3049–13.3609) (1.3587–7.3884)

Prob> F 0 0 0 0

R-squared 0.6107 0.8554 0.663 0.8705

Adj R-squared 0.6047 0.8514 0.657 0.859

Root MSE 0.62463 0.3717 0.6441 0.338

Standard error in parenthesis

��significant at p<0.05

���significant at p<0.01, MMR is proxy of maternal healthcare; CO2 emission is proxy of climate change, Confidence Interval (95%) in parentheses.

https://doi.org/10.1371/journal.pone.0213139.t006
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This study observes a notable progress made from the 1990’s onwards in attaining global

health goals especially with regards to reducing IMR, which also coincided with an increase in

the number of countries left behind. The range of disparity across countries is critical in deter-

mining convergence. Even in 2010–15, the disparities were large. For instance, the LEB in

North America is 79.2 years, while in Africa it is 59.5 years. Infant mortality rate (IMR) in Sin-

gapore and Japan is as low as 2 per 1000 live births, while it is 154 and 151 deaths per 1000 live

births in Chad and the Central African Republic respectively [8]. Overall, in most countries,

inequalities have been decreasing [31,32]. However, inequalities have been growing in a small

but substantial number of countries [10, 32]. Previous research suggests that such a situation

arises due to three main reasons: first, due to the diverse socio-economic progress, health care

spending and health care-seeking pattern by the poor and rich in transition economies. With

advances in new health care technologies, richer countries access them first compared to

poorer countries. Within poorer countries, richer socio-economic classes access them first

compared to their counterparts, which in turn leads to divergent progress [10, 32]. Second,

due to the newly arising combinations of social, economic and political conditions, there is a

rise in the burden of injury, impaired and mental health problems and deaths from violence,

conflict, and war. There is also a rise in health risks consequent to large-scale environmental

change and altered relations with the microbiological world caused by population pressure.

That is, gains in longevity could be less smooth and less certain than what earlier notions of

global convergence had suggested [14,15,16,29]. Third, the emergence of modern-day epidem-

ics such as Ebola, Swine and Bird flu and epidemics like HIV/AIDs where poor in laggard

countries are more vulnerable to exposure compared to leading countries, breaks the catch-up

process from laggard to leading countries [16, 33].

The added value of this study

The heterogeneous progress in mortality reduction and the unequal progress in life expectancy

across different countries is a matter of great concern for establishing a fair, equitable and

healthy society. In this context, this study provides evidence to answer the question: how far

these differences are converging in the most recent decade, especially in the period of post-mil-

lennium development goals (MDGs) vis-à-vis previous decades. In particular, this study

answers the question: did the emerging divergence in life expectancies after the late 1980s (as

suggested in previous studies) [12, 17, 19], get replaced by re-convergence in the last decade,

2005–2015? Previous studies on the subject have reached diverse conclusions based on the

methods they have used; while we used a comprehensive tool-kit of convergence metrics to

test the convergence hypothesis on trends in world health status during the period 1950 to

2015.

Conclusion and policy implications

Ensuring healthy lives and well-being for all is one of the goals of the newly formed Sustainable

Development Goal (SDG’s). The findings of this study suggest that some countries have been

progressing much faster than others. The uneven progress within and between the laggard

countries in LEB and IMR during the period 1950 to 2015 has led to a heterogeneous scenario,

although trends are moving towards a convergence point in the very recent period. Thus, we

observe a trend of ‘rise and fall’ of global health inequalities, although fall of inequalities is not

fast as expected due to poor progress in many developing countries which have missed MDGs.

From a policy perspective, it is beneficial to observe the global trends and patterns of health

indicators periodically since convergence or divergence processes may change over time. This

study promotes the importance of using effective health monitoring tools such as convergence
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models when there are large socioeconomic and geographical disparities in the progress of

health status. The policy analysts can use convergence measures as tools for health policy eval-

uations in laggard countries and suggest the trajectories to catch-up with advanced nations.

To fulfill the idea of ‘grand convergence’ in health, we suggest that developing countries

need to scale-up their health policies, make public health investments for health care and also

invest in the adoption and innovation of new health technologies to catch-up with advanced

countries. Similar suggestions were made by other studies. The Lancet Commission (prompted

by the 20th anniversary of the 1993 World Development Report and supported by multiple

organizations, the commission was formed to explore the case for investment in health and

developed a new investment frame work to achieve dramatic health gains by 2035) revisited

the case for investment in health and suggested that by 2035 nearly all countries could reach

the frontier of feasibility, i.e., they could lessen their infectious, maternal, and child mortality

rates down to those currently seen in the best performing middle and high-income countries.

The primary concern in this context is a recognition of the most socio-economic vulnerable

sub-populations in the laggard countries by national governments, so that new health policy

and interventions can be streamlined according to their needs. Although not new but a repeat-

edly emerging theme from multiple studies [1,2,3,4,21] including the present study is that

improving the availability of the cause of death information is critical for effective design and

management of health problems in developing countries. Moreover, it is critical for policies to

focus on financing of crucial health systems components (e.g., skilled health workers), creating

comprehensive platforms for cost-effective clinical and preventive health interventions, inter-

national collective action to strengthen investments in health, delivery of improved health

technologies, increased funding for health research and availability of reliable and comprehen-

sive data on diseases that disproportionately affect low-income and middle-income countries.
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