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Abstract

This study investigates the strength and significance of the associations of health work-
force with multiple health outcomes and COVID-19 excess deaths across countries, using
the latest WHO dataset. Multiple log-linear regression analyses, counterfactual scenarios
analyses, and Pearson correlation analyses were performed. The average density of health
workforce and the average levels of health outcomes were strongly associated with country
income level. A higher density of the health workforce, especially the aggregate density of
skilled health workers and density of nursing and midwifery personnel, was significantly
associated with better levels of several health outcomes, including maternal mortality
ratio, under-five mortality rate, infant mortality rate, and neonatal mortality rate, and was
significantly correlated with a lower level of COVID-19 excess deaths per 100 K people,
though not robust to weighting by population. The low density of the health workforce,
especially in relatively low-income countries, can be a major barrier to improving these
health outcomes and achieving health-related SDGs; however, improving the density of the
health workforce alone is far from enough to achieve these goals. Our study suggests that
investment in health workforce should be an integral part of strategies to achieve health-
related SDGs, and achieving non-health SDGs related to poverty alleviation and expansion
of female education are complementary to achieving both sets of goals, especially for those
low- and middle-income countries. In light of the strains on the health workforce during
the current COVID-19 pandemic, more attention should be paid to health workforce to
strengthen health system resilience and long-term improvement in health outcomes.
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1 Introduction

Health workforce is the core of a health system. No health without a health workforce
has been a universal truth (Global Health Workforce Alliance, 2014). The World Health
Organization (WHO) defines the health workforce as all people who are engaged in actions
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with the primary intent of enhancing health (World Health Organization, 2006). Health
systems can only function with a health workforce, and the availability, accessibility,
acceptability, and quality of a health workforce arguably represent key prerequisites for
improving health service coverage and realizing the right to the enjoyment of the high-
est attainable standard of health (World Health Organization, 2016a). In September 2015,
the United Nations adopted a new development agenda with 17 Sustainable Development
Goals (SDGs) which took place of the Millennium Development Goals (MDGs) (United
Nations, 2015; World Health Organization, 2015). Of the 17 SDGs, SDG 3 focuses on a
broad health goal to ensure healthy lives and promote well-being for all at all ages (United
Nations, 2015). In the context of transition from the MDGs to the SDGs, a sufficient and
qualified health workforce is essential to achieve the health-related SDGs (World Health
Organization, 2016b), and it accounts for over one-third of health investments required for
the health-related SDGs in low- and middle-income countries (Stenberg et al., 2017; World
Health Organization, 2017). Currently, estimates indicate that 18 million additional health
workers are needed to achieve the health-related SDGs in 2030, and the current pandemic
further complicates achieving those goals (World Health Organization, 2017).

Given the above evidence of the importance of the health workforce, relatively very few
cross-country studies have analyzed the relationship between health workforce and health
outcomes. Using a database on 155 countries, Robinson and Wharrad reported that a high
density of doctors was significantly associated with decreasing maternal, under-five, and
infant mortality rates (Robinson & Wharrad, 2001; Robinson & Wharrad, 2000). In 2004,
using a WHO dataset on 117 countries, Anand and Bérnighausen found that a high aggre-
gate density of human resources for health and a high doctor density were significantly
associated with a low level of maternal mortality, infant mortality, and under-five mor-
tality (Anand & Bérnighausen, 2004). Both Farahani et al. (2009) and Or et al. (2005)
identified a significant impact of increasing doctor numbers on lowering infant mortality.
However, Hertz et al. (1994), Muldoon et al. (2011), Pinz6n-Flérez et al. (2015), and Kim
et al. (1992), recorded no significant associations between the density of doctors and life
expectancy at birth, maternal, child, or infant mortality rates. Amiri et al. found that a 1%
increase in the density of nurses would increase life expectancy at birth and at 65 years by
0.02 and 0.08 percent, respectively (Amiri & Solankallio-Vahteri, 2019). Five cross-coun-
try studies which investigated the links between density of nurses and maternal, under-five,
and infant mortality rates did not note significant associations between them (Anand &
Barnighausen, 2004; Kim & Moody, 1992; Muldoon et al., 2011; Robinson & Wharrad,
2001; Robinson & Wharrad, 2000). In addition, a study conducted in 1978 using data of 18
developed countries even found a significant adverse relationship between density of doc-
tors and infant and perinatal mortality (Cochrane et al., 1978).

In addition, several within-country studies have analyzed the link between density of
health workers and different health outcomes (Aakvik & Holmas, 2006; Basu et al., 2019;
Doyle, 2020; Gulliford, 2002; Liang et al., 2019; Russo et al., 2019; Sakai et al., 2016;
Subramaniam et al., 2018). However, these studies also present inconsistent findings. Basu
et al. identified a significant effect of greater primary care physician supply on the longer
life expectancy at birth in the United States (Basu et al., 2019). Liang et al. (2019) and
Sakai et al. (2016) found that an increase in pediatrician density or health professional den-
sity was associated with a reduction in the under-five mortality in Japan and rural China,
respectively. Russo et al. found that primary care physician supply could significantly con-
tribute to the decline of infant mortality rate in Brazil (Russo et al., 2019). Subramaniam
et al. showed density of doctors had a significant beneficial effect on infant mortality in
Indonesia and Philippines, but had an adverse effect in Thailand and no effect in Malaysia

@ Springer



The Association between Health Workforce and Health Outcomes:... 611

(Subramaniam et al., 2018). Moreover, Doyle identified a significant positive associa-
tion between patient availability and patient survival in the U.S. (Doyle, 2020). However,
the study of Gulliford (2002) and Aakvik et al. (2006) rejected a significant relationship
between population mortality and the number of general practitioners per capita in England
and Norway, respectively.

The inconsistent results reported in these cross-country or within-country studies may
not be surprising in light of their heterogeneity in data, methods, and institutional contexts.
Since increased density of health workforce can be both a cause and effect of the broader
socioeconomic and health system development, generalizing findings from associational
studies or attributing causal relationships can be fraught with difficulty, and contrasting
findings would be expected in studies have adopting different methods, levels of analyses,
and explanatory variables. Therefore, the strength and significance of health workforce for
health outcomes are still worth exploring, and using multiple health outcomes and the lat-
est WHO dataset on health workforce, our study will provide an update and extension of
previous cross-country studies. Meanwhile, in the context of striving to meet the health-
related SDGs while controlling the COVID-19 pandemic, useful evidence for policy may
stem from investigating the association between a country’s health workforce and multiple
health outcomes of its citizens, accounting for other confounding variables.

Considering the data availability of the health workforce, the WHO member countries
were included in our study. And based on the above, our study aimed to investigate the
strength and significance of the cross-country associations of health workforce with multi-
ple health outcomes, and besides a global depiction, the study would also identify the role
of the health workforce in addressing the disparities of health outcomes across countries
in different income categories (i.e., low-, lower-middle-, upper-middle-, and high-income
countries).

2 Material and Methods
2.1 Choice of Variables
2.1.1 Dependent Variables

The dependent variables used in our study included multiple measures of health outcomes.
Besides the maternal mortality ratio, under-five mortality rate, and neonatal mortality rate
that were health-related SDG indicators, we further introduced the indicators of healthy
life expectancy at birth, the mortality rate of adults aged 15— 60 (hereafter 15— 60 adult
mortality rate), and infant mortality rate. The COVID-19 excess deaths per 100 K people
was also included as an additional health outcome measure proxying for the health impact
of the coronavirus pandemic.

2.1.2 Independent Variables

The independent variables used in this study included three measures of the health work-
force. The first was the aggregate measure of skilled health workers, including medical
doctors and nursing and midwifery personnel. As defined in the WHO dataset (World
Health Organization, 2018), medical doctors included generalist medical practitioners,
specialist medical practitioners, and other medical doctors that were not further defined,
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and nursing and midwifery personnel included all related nurses and midwives. In addition
to medical doctors and nursing and midwifery personnel, there are some other categories
of health workers such as the dentistry personnel, pharmaceutical personnel, community
health workers, and traditional and complementary medicine personnel (World Health
Organization, 2018). The choice of the aggregate measure of skilled health workers in our
study stemmed from the fact that the numbers of medical doctors and nursing and mid-
wifery personnel were available on a relatively comprehensive basis across countries, and
accounted for the largest proportion of total health workers in almost all countries. Other
than the study of Anand and Bérnighausen (2004) which had taken the aggregate density
of the health workforce as an independent variable, all previous cross-country studies just
analyzed the associations between density of medical doctors and/or density of nurses and
health outcomes (Amiri & Solankallio-Vahteri, 2019; Cochrane et al., 1978; Farahani et al.,
2009; Hertz et al., 1994; Kim & Moody, 1992; Muldoon et al., 2011; Or et al., 2005; Pin-
z6n-Flérez et al., 2015; Robinson & Wharrad, 2001; Robinson & Wharrad, 2000).

In addition, in accordance with all previous cross-country studies (Amiri & Solankallio-
Vahteri, 2019; Anand & Birnighausen, 2004; Cochrane et al., 1978; Farahani et al., 2009;
Hertz et al., 1994; Kim & Moody, 1992; Muldoon et al., 2011; Or et al., 2005; Pinzén-
Flérez et al., 2015; Robinson & Wharrad, 2001; Robinson & Wharrad, 2000), the study
would investigate independent associations of densities of medical doctors and nursing and
midwifery personnel with multiple health outcomes. In line with the statistics of WHO
(Anand & Birnighausen, 2004; World Health Organization, 2018), here the nursing and
midwifery personnel were counted as one category because nurses and midwives receive
similar training and undertake overlapping tasks in many countries.

Therefore, the three independent variables were density of skilled health workers, den-
sity of medical doctors, and density of nursing and midwifery personnel, all of which were
reported as the numbers per 100,000 population. The density of skilled health workers was
equal to the sum of the density of medical doctors and density of nursing and midwifery
personnel for each country.

2.1.3 Confounding Variables

To account for other country-level factors important in determining health outcomes (i.e.,
what may be considered as confounding variables), we also collected and analyzed data on
several measures.

First, health spending per capita, an important indicator which was included in previous
studies (Muldoon et al., 2011; Pinzén-Flérez et al., 2015), was included in this study as a
key confounding variable and was measured in international dollars at purchasing power
parity (PPP) rates.

Second, following previous studies (Anand & Birnighausen, 2004; Kim & Moody,
1992; Robinson & Wharrad, 2001; Robinson & Wharrad, 2000), we introduced the gross
national income (GNI) per capita in international dollars at PPP rates. The average income
per capita is an important variable included in most of the prior studies (Anand & Bir-
nighausen, 2004; Cochrane et al., 1978; Farahani et al., 2009; Kim & Moody, 1992; Or
et al., 2005; Robinson & Wharrad, 2001; Robinson & Wharrad, 2000) and is closely
related to several distal factors that affect population mortality rates such as housing, safe
water, sanitation, nutrition, and so on (Anand & Bérnighausen, 2004). Compared with the
gross domestic product or GNI per capita in US dollars at market exchange rates used in
some studies (Cochrane et al., 1978; Hertz et al., 1994; Kim & Moody, 1992; Robinson &
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Wharrad, 2001; Robinson & Wharrad, 2000), the method based on PPP rates better reflects
real income and purchasing power gaps between different countries.

Third, consistent with previous studies (Anand & Barnighausen, 2004; Schell et al.,
2007; Tavares, 2017), our study included a measure of absolute poverty as an explana-
tory variable. Eradicating poverty is the first target among the SDGs, and there are very
few studies that included income poverty as a confounder when examining associations
between health workforce and health outcomes. Although the effect of income on an indi-
vidual’s health may decrease gradually when income reaches a high level, there may be
relatively high returns to investments in health for individuals living below the poverty
line; moreover, for countries with the same income per capita, a higher poverty headcount
ratio might result in higher population mortality rates, so accounting for poverty can be
important when investigating the role of other factors like health workforce for improving
health outcomes (Anand & Birnighausen, 2004).

Fourth, female education is another crucial variable. Some related indicators such as
female literacy rate, average years of schooling for female adult or all population, and per-
centage of primary education in women were used in prior studies (Anand & Birnighausen,
2004; Farahani et al., 2009; Or et al., 2005; Pinzén-Florez et al., 2015; Robinson & Whar-
rad, 2001; Robinson & Wharrad, 2000). Because the data of female literacy rate in recent
years are missing in many countries, we used the mean years of female schooling as a
proxy to measure female educational attainment.

Although there were many other confounders that had been included in previous stud-
ies, since our study focused on the strength and significance of the association between
health workforce for health outcomes (rather than identifying health outcomes’ influencing
factors), we limited the confounding variables to the above four.

2.2 Data Sources

The data for health workforce, i.e., density of skilled health workers, density of medical
doctors, and density of nursing and midwifery personnel, were extracted from the Global
Health Workforce Statistics published by the WHO (2018, 2019c). The data used in this
study were from the most recent year available between 2007 and 2017 in each country,
resulting in a dataset covering the health workforce for 191 countries.

For the measures of multiple health outcomes, the latest data of healthy life expectancy
at birth in 2016 were extracted from the report of World Health Statistics 2020: Monitoring
Health for the SDGs and covered 183 countries (World Health Organization, 2020). The
latest data about 15 — 60 adult mortality rate in 2016 was extracted from the Global Health
Observatory Data Repository in the WHO and covered a total of 183 countries (World
Health Organization, n.d.). The data of maternal mortality ratio were extracted from the
report of Trends in Maternal Mortality: 2000-2017, estimated by WHO, UNICEF, UNFPA,
World Bank Group, and the United Nations Population Division (World Health Organiza-
tion, 2019b). The latest data in 2017, including 183 countries, were used in our study. The
data related to under-five mortality rate, infant mortality rate, and neonatal mortality rate in
2017 were extracted from the Levels & Trends in Child Mortality Report 2018: estimated
developed by the UN Inter-agency Group for Child Mortality Estimation and consisted of
194 countries (UNICEF, WHO, World Bank Group, & United Nations, 2018). The data of
COVID-19 excess deaths per 100 K people were available for 81 countries and the latest
data on September 10th, 2021 were collected from the statistical database of The Econo-
mist (2020).
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The following sources provided data of four confounding variables: Global Health
Expenditure Database for the health spending (current health expenditure) per capita
(PPP$) (World Health Organization, 2019a); Human Development Indices and Indica-
tors: 2018 Statistical Update for the GNI per capita (constant 2011 PPP$) and mean years
of female schooling (United Nations Development Programme (UNDP), 2018); and SDG
Index and Dashboards Report for the poverty headcount ratio (at PPP$1.90 —a—day)
(Sachs et al. 2018). Data for the current health expenditure per capita, GNI per capita,
mean years of female schooling, and poverty headcount ratio in 2017 covered 186, 188,
170, and 181 countries, respectively.

To compare the differences in mean values of above variables and the association of
health workforce with health outcomes between countries with different income econo-
mies, we used the standard of World Bank income classification (The World Bank, 2019)
and classified countries into four income categories: low-, lower-middle-, upper-middle-,
and high-income countries (eTable 1 in the Supplement). Meanwhile, the number of popu-
lation of each country in 2017 was extracted from the World Health Statistics 2019 (World
Health Organization, 2019c), which was used to weight the regression models.

2.3 Statistical Analysis

Each of the variables used in our study was continuous and displayed by mean value,
standard deviation (SD), minimum, and maximum. One-way ANOVA was conducted to
assess the difference in the mean value of each variable between low-income, lower-mid-
dle-income, upper-middle-income, and high-income countries. One-way MANOVA was
also conducted to assess the differences in the mean values of six health outcomes between
low-income, lower-middle-income, upper-middle-income, and high-income countries. A
series of scatter plots with fitting curves by log—log (least squares fit) were drawn to show
the relationships between density of health workforce and health outcomes in all countries.
Correlation coefficients between density of the health workforce (i.e., density of skilled
health workers, density of medical doctors, and density of nursing and midwifery person-
nel) and COVID-19 excess deaths per 100 K people were calculated using Pearson correla-
tion measures, unweighted and weighted by population.

Multivariable linear regression equations were set. In the first set of regression equa-
tions, six dependent variables, i.e., healthy life expectancy at birth, 15— 60 adult mortality
rate, maternal mortality ratio, under-five mortality rate, infant mortality rate, and neonatal
mortality rate, were regressed separately with density of skilled health workers as an inde-
pendent variable and current health expenditure per capita, GNI per capita, mean years of
female schooling, and poverty headcount ratio as confounding variables. In the second set
of regression equations, they mimicked the first set but with density of medical doctors and
density of nursing and midwifery personnel as independent variables. We carried out these
two sets of regression equations twice, unweighted and weighted by population of each
country. Besides, all regression analyses were carried out using heteroskedasticity-robust
standard errors. 156 countries were finally included in the multivariable linear regression
analyses (eTable 2 in the Supplement).

In addition to above regression analyses, we further interacted the density of health
workforce (i.e., density of skilled health workers, density of medical doctors, and density
of nursing and midwifery personnel) with different income categories (i.e., low-, lower-
middle-, upper-middle-, and high-income), with low-income as the reference group omit-
ted. Then the estimated coefficients would represent the association of density of health
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workforce with six health outcomes on average in that given income group of countries.
After that, based on these coefficients, we could build a series of computational models of
six health outcomes with density of health workforce and four confounding variables for
low-, lower-middle-, upper-middle-, and high-income countries, separately. Then we would
make counterfactual scenario analyses by estimating the health outcomes for low-, lower-
middle-, and upper-middle-income countries by plugging the average level of density of
health workforce of high-income countries, ceteris paribus, or simultaneously plugging the
average levels of density of health workforce, current health expenditure per capita, GNI
per capita, mean years of female schooling, and poverty headcount ratio of high-income
countries into these computational models. More details about the interaction analyses and
counterfactual scenario analyses were introduced in the Supplement.

All variables were transformed into natural logarithms before they were introduced
into the regression models. Particularly, for the variable of poverty headcount ratio, as it
was zero in some countries, which meant that there was no population living below the
PPP$1.90-a-day in these countries, we calculated its natural logarithm based on its value
plus two, and for the variable of mean years of female schooling, as the value in some
countries was one, its natural logarithm was calculated based on its value plus one. In
terms of the results, the estimated coefficients, i.e., b, in regression equations on the log-
linear functional form were elasticities, which could be interpreted as a 1% increase in the
independent variable, ceteris paribus, resulting in a #% change in the dependent variable
(Anand & Birnighausen, 2004). A p-value of less than 0.05 was set as the significance
level.

3 Results
3.1 Global Profiles of Health Outcomes, Health Workforce, and Other Variables

Table 1 reports the mean value, standard deviation, minimum, and maximum of each vari-
able in the natural unit, i.e., non-log form. Significant differences were observed in the
mean values of all variables between high-, upper-middle-, lower-middle-, and low-income
countries, which presented a clear gradient across countries in different income groups (all
p-values <0.001). Specifically, the mean values of healthy life expectancy at birth, density
of skilled health workers, density of medical doctors, density of nursing and midwifery
personnel, current health expenditure per capita, GNI per capita, and mean years of female
schooling presented a significant gradual decline from high-income countries to low-
income countries, and the mean values of 15— 60 adult mortality rate, maternal mortality
ratio, under-five mortality rate, infant mortality rate, neonatal mortality rate, and poverty
headcount ratio increased gradually and significantly from high-income countries to low-
income countries. Besides, we also identified the significant differences of six health out-
comes between high-, upper-middle-, lower-middle-, and low-income countries using the
MANOVA (eTable 2 and eTable 3 in the supplement).

3.2 Relationship between Health Workforce and Health Outcomes by Scatter Plots
These fitted curves in Fig. 1 indicate that, compared with countries that had a lower den-

sity of skilled health workers, those with a higher density of skilled health workers could
expect to have a longer healthy expectancy at birth, a lower 15 — 60 adult mortality rate, a
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Fig. 1 Global scatter plots of six health outcomes and density of skilled health workers

lower maternal mortality ratio, a lower under-five mortality rate, a lower infant mortality
rate, and a lower neonatal mortality rate. However, these links between density of skilled
health workers and health outcomes flattened out, which meant that at a low-level density
of skilled health workers, a further increase in density of skilled health workers was associ-
ated with a large increase in healthy life expectancy at birth and a large decrease in 15— 60
adult, maternal, under-five, infant, and neonatal mortality rate, but at high levels of den-
sity of skilled health workers, increased density of skilled health workers was associated
with small changes in health outcomes. Unsurprisingly, consistent with results in Table 1,
the figure shows that high-income countries generally enjoy both a high density of skilled
health workers and world-leading health outcomes, whereas low-income countries suffer
from both few health workers and poor health outcomes. Similar patterns emerge for the
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relationship between health outcomes and the density of medical doctors or the density of
nursing and midwifery personnel (eFig. 1 and eFig. 2 in the Supplement).

3.3 Multiple Log-Linear Regression Analyses

Table 2 presents the regression results for the associations between the density of skilled
health workers and health outcomes. In the Block I (i.e., regressions unweighted by pop-
ulation), the explained variations, i.e., coefficients of determination R%, were more than
74% in all regression equations and the F tests decisively rejected the hypothesis of joint
non-significance of the independent and confounding variables. The density of skilled
health workers varied in both elasticities and levels of significance in different equations
for six health outcomes. Specifically, density of skilled health workers was significantly
associated with maternal mortality ratio, under-five mortality rate, infant mortality rate,
and neonatal mortality rate, except for healthy life expectancy at birth and 15— 60 adult
mortality rate. The elasticities of maternal, under-five, infant, and neonatal mortality rates
with respect to density of skilled health workers were —0.45,—0.17,—0.18, and —0.19 (all
p-values <0.016), respectively. However, after weighted by population in the Block II, the
associations between the density of skilled health workers and these health outcomes were
not significant.

Table 3 shows the results of the associations of density of medical doctors and density
of nursing and midwifery personnel with six health outcomes. In the Block I (i.e., regres-
sions unweighted by population), the coefficients of determination R*, were more than 74%
in all regression equations and the F tests decisively rejected the hypothesis of joint non-
significance of the independent and confounding variables. The density of medical doctors
and density of nursing and midwifery personnel varied in both elasticities and levels of
significance in difference equations for difference health outcomes. Specifically, density of
medical doctors was significantly associated with healthy life expectancy at birth (b: 0.02)
and maternal mortality ratio (b:—0.22). Meanwhile, density of nursing and midwifery
personnel was significantly associated with maternal mortality ratio (b:—0.28), under-
five mortality rate (b: —0.14), infant mortality rate (b: —0.16), and neonatal mortality rate
(b:—0.20). However, after weighted by population, the associations of density of medical
doctors and density of nursing and midwifery personnel with these health outcomes were
no longer significant.

The four confounding variables, i.e., current health expenditure per capita, GNI per cap-
ita, mean years of female education, and poverty headcount ratio, varied in both elasticities
and levels of significance in different regressions in accounting for multiple health out-
comes, unweighted and weighted by population.

3.4 Interaction Analyses and Counterfactual Scenario Analyses

The results of interaction analyses between health workforce and income categories were
shown in eTables 5—8 in the Supplement. First, the results show that part of interaction
variables between health workforce (i.e., density of skilled health workers, density of medi-
cal doctors, and density of nursing and midwifery personnel) and income categories (i.e.,
low-, lower-middle-, upper-middle-, and high-income) were significantly associated with
15—-60 adult, maternal, under-five, infant, and neonatal mortality rates, unweighted and
weighted by population. Second, the elasticities of healthy life expectancy at birth, 15 —60
adult, maternal, under-five, infant, and neonatal mortality rates with respect to densities of
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skilled health workers, medical doctors, and nursing and midwifery personnel were dif-
ferent between low-, lower-middle-, upper-middle-, and high-income countries. Third, as
eTable 10, eFig. 3, and eFig. 4 show, after plugging the average level of density of health
workforce of high-income countries into the computational models of six health outcomes
for low-, lower-middle-, and upper-middle-income countries, ceteris paribus, the estimated
health outcomes in low-, lower-middle-, and upper-middle-income countries, especially the
low-income countries, were still much lower than those of high-income countries; after
simultaneously plugging the average levels of density of health workforce, current health
expenditure per capita, GNI per capita, mean years of female schooling, and the poverty
headcount ratio of high-income countries into those models, these estimated health out-
comes in low-, lower-middle-, and upper-middle-income countries became further closer to
those of high-income countries.

3.5 Correlation between Health Workforce and Covid-19 Excess Deaths

Results of population-unweighted and population-weighted univariate Pearson correlations
estimated between density of health workforce and COVID-19 excess deaths per 100 K
people are shown in Table 4. COVID-19 excess deaths per 100 K people were significantly
negatively correlated with density of skilled health workers (r: —0.230, p-value: 0.039) and
density of nursing and midwifery personnel (r: —0.259, p-value: 0.019), unweighted by
population. Population-weighted correlations of COVID-19 excess deaths per 100 K peo-
ple with density of skilled health workers, density of medical doctors, and density of nurs-
ing and midwifery personnel were not significant.

4 Discussion

In the context of global efforts to meet the SDGs, our study uses multiple health outcomes
and the latest WHO dataset on health workforce to investigate the association between
health workforce and health outcomes, providing an update and extension of previous
cross-country studies (Amiri & Solankallio-Vahteri, 2019; Anand & Birnighausen, 2004;
Cochrane et al., 1978; Farahani et al., 2009; Hertz et al., 1994; Kim & Moody, 1992; Mul-
doon et al., 2011; Or et al., 2005; Pinzon-Florez et al., 2015; Robinson & Wharrad, 2001;
Robinson & Wharrad, 2000). Our results underscore the importance of accounting for
poverty and the broader social determinants of health when studying the association of
health outcomes with the health workforce, and the distinction between cross-individual

Table 4 Correlations between density of the health workforce (per 100 K population) and COVID-19
excess deaths per 100 K people, unweighted and weighted by population

Pearson correlation coefficient (95% CI), p-value

Unweighted by population Weighted by population
Density of skilled health workers —0.230 (-0.427 to —0.013), 0.039 —0.136 (—0.344 to 0.085), 0.228
Density of medical doctors —0.061 (-0.276 to 0.159), 0.586  0.119 (—0.102 to 0.328), 0.292

Density of nursing and midwifery —0.259 (-0.452 to —0.043), 0.019 —0.204 (—0.404 to 0.015), 0.068
personnel
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and cross-country disparities, given the importance of developments in populous low- and
middle-income countries like China and India.

From a global perspective, the data underscores the wide disparities in health outcomes
between different countries, especially between those most and least advantaged. For exam-
ple, the healthy life expectancy at birth in the Central African Republic was 44.9 years,
and it reached 76.2 years in Singapore. In addition, there were significant disparities in the
average levels of six health outcomes between countries in different income categories.
The global average levels of maternal mortality ratio, under-five mortality rate, and neona-
tal mortality rate had not met the minimum targets set in the health-related SDGs by 2030
(World Health Organization, 2015), i.e., 70 deaths per 100,000 livebirths, 25 deaths per
1000 livebirths, 12 deaths per 1000 livebirths for maternal, under-five, and neonatal mor-
tality rates, respectively. Of these countries that did not met the minimum targets, the most
(>77.8%) were low- and lower-middle-income countries. In terms of health workforce, the
density of skilled health workers, density of medical doctors, and density of nursing and
midwifery personnel also varied widely between countries. For example, Somalia had 8.4
skilled health workers per 100,000 population and Monaco had 2682.4 per 100,000 popu-
lation. Besides, the global average levels of densities of skilled health workers, medical
doctors, and nursing and midwifery personnel had reached the WHO minimum recommen-
dations (World Health Organization, 2016b), i.e., 4.45, 1.27, and 3.18 per 1000 population
for density of skilled health workers, density of medical doctors, and density of nursing
and midwifery personnel, respectively, that were related to the median achievement level
(25%) attainment of 80% coverage for health-related SDGs. However, 50.8%, 49.2%, and
51.8% of all countries had not met that recommendations for densities of skilled health
workers, medical doctors, and nursing and midwifery personnel, respectively.

Our findings of the significant positive association of a high density of aggregate meas-
ure of health workforce with reduced maternal mortality ratio, under-five mortality rate,
infant mortality rate, and neonatal mortality rate in a global perspective (unweighted by
population) are in accordance with the study of Anand and Béarnighausen (2004). Mean-
while, we found the elasticity of maternal mortality ratio with respect to density of skilled
health workers was higher than those of under-five, infant, and neonatal mortality rates. A
potential explanation was that a qualified health workforce may be able to address more
conditions that put mothers at immediate risk of death compared with children, infants,
or newborns (Anand & Bérnighausen, 2004). However, these significant associations of
density of skilled health workers with maternal, under-five, infant, and neonatal mortality
rates were not robust to different empirical specifications and became insignificant after
weighted by the population of each country, reflecting the important distinction between
cross-individual and cross-country disparities, and the importance of developments in pop-
ulous low- and middle-income countries like China and India. Meanwhile, there were no
significant associations between density of skilled health workers and healthy life expec-
tancy at birth or the 15— 60 adult mortality rate, unweighted and weighted by population.
No related cross-country study has been found to analyze the association of an aggregate
density of health workforce with healthy life expectancy at birth or adult mortality rate.
This finding indicates that other factors such as the broader social determinants of health,
health expenditure per capita, and the poverty rate account for much of the variation in
these two health outcomes, as well as underlying improvements in the aggregate health
workforce itself. Using limited data available from 81 countries, we identified a significant
and negative correlation between density of skilled health workers and COVID-19 excess
deaths when unweighted by population, which indicates the potential importance of health
workforce under the current COVID-19 pandemic.
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In addition to the aggregate measure of health workforce, we included density of med-
ical doctors and density of nursing and midwifery personnel separately in a parallel set
of regressions. From a global perspective, we found that among six health outcomes, the
density of medical doctors had a significant positive association with healthy life expec-
tancy at birth and maternal mortality ratio when unweighted by population, which are con-
sistent with the studies of Robinson et al. (2001) and Kim et al. (1992), partly consistent
with those of Anand et al. (2004), Or et al. (2005), Hertz et al. (1994), and Pinz6n-Florez
et al. (2015), and inconsistent with those of Robinson et al. (2000), Farahani et al. (2009),
and Muldoon et al. (2011) Unlike the density of medical doctors, density of nursing and
midwifery personnel had a significant and positive association with maternal, under-
five, infant, and neonatal mortality rates, after controlling for all four confounders and
unweighted by population, which reject earlier findings about nursing invisibility in those
studies of Robinson et al. (2000), Anand et al. (2004) Muldoon et al. (2011), and Kim
et al. (1992) These differences between our study and previous cross-country studies in
the associations of densities of medical doctors and nursing and midwifery personnel with
these health outcomes may arise from different times’ database and not exactly the same
confounders and analytic strategies. Our study updates the evidence in previous studies and
highlights the significance of density of medical doctors and density of nursing and mid-
wifery personnel for multiple health outcomes. Similar with aggregate density of health
workforce, we did not identify robust significant associations of density of medical doctors
and density of nursing and midwifery personnel with these health outcomes after weighted
by the population. Meanwhile, we identified a negative correlation of density of nursing
and midwifery personnel with COVID-19 excess deaths per 100 K people across coun-
tries when unweighted by population. Although the association was not robust and became
insignificant after weighted by the population, it could indicate a certain degree of impor-
tance of the nursing and midwifery personnel under the current COVID-19 pandemic.

Besides, we further compared the associations of densities of skilled health workers,
medical doctors, and nursing and midwifery personnel with six health outcomes between
countries in different income categories by conducting interaction analyses. Regardless of
the level of significance, the elasticities of all six health outcomes with respect to density
of skilled health workers, density of medical doctors, and density of nursing and midwifery
personnel varied between countries in different income categories, and they were larger in
high-income countries than those in middle- and low-income countries. It provides evi-
dence of inequalities in health between high-, middle- and low-income countries, that a
higher level of density of health workforce among high-income countries was associated
with better health outcomes there. A potential explanation is that individuals of higher
socio-economic status adopt health-related behavioral improvements first (such as under-
standing the harms of smoking), with lower-income populations adopting such societal
changes later (Victora et al., 2000; Wagstaff, 2002). However, results of the counterfactual
scenario analyses show that it was not possible to address health disparities in these health
outcomes between countries at different income levels only by improving the density of
health workforce in middle- and low-income countries. Taking the density of skilled health
workers for example, by plugging the average level of density of skilled health workers
of high-income countries into the computational models of six health outcomes for low-
income countries, that were built on basis of results of interaction analyses, ceteris paribus,
the estimated health outcomes in low-income countries were still far from the average lev-
els of six health outcomes of high-income countries. However, when plugging the aver-
age levels of density of skilled health workers and all other variables including current
health expenditure per capita, GNI per capita, mean years of female schooling, and poverty
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headcount ratio among high-income countries into previous computational models simul-
taneously, the estimated health outcomes of low-income countries became closer to those
of high-income countries. Although we cannot interpret these statistical associations as
causal effects, our findings, to some extent, suggest that in addition to the health workforce,
many other factors should be taken into account simultaneously for improving the health
outcomes.

Moreover, our study confirms the importance of socio-economic factors for health out-
comes, as proxied by our included explanatory variables of current health expenditure per
capita, GNI per capita, poverty headcount ratio, and mean years of female schooling. First,
we note that higher health expenditure per capita was significantly associated with bet-
ter health outcomes, i.e., increased healthy life expectancy at birth and reduced 15— 60
adult, maternal, under-five, infant, and neonatal mortality rates, though not robust enough
after weighted by population. Our findings differ to some extent from those in previous
cross-country studies. For example, both Muldoon et al. (2011) and Pinz6n-Florez et al.
(2015) reported that health expenditure per capita was significantly associated with the
maternal mortality ratio, but not with under-five and infant mortality rates; and Houweling
et al. (2005) noted a significant association of public health expenditure per capita with the
under-five mortality rate. Arguably, spending on the broader social determinants of health
as well as health financing are as important as the health workforce in contributing to resil-
ient health systems and better population health. Fittingly, the WHO identifies both health
finance and health workforce as the building blocks that contribute to the strengthening
health systems (World Health Organization (Ed.), 2010).

In terms of the GNI per capita, we did not identify its significant and robust associations
with six health outcomes, that is a finding that differs from previous cross-country stud-
ies (Anand & Birnighausen, 2004; Farahani et al., 2009; Houweling et al., 2005; Kim &
Moody, 1992; Robinson & Wharrad, 2001; Robinson & Wharrad, 2000). This discrepancy
may arise because none of these previous studies included health expenditure per capita
or other health financing indicators in their analyses, and our finding probably points to
the strong association between the amount of funding earmarked for health care (i.e., cur-
rent health expenditure per capita) and health outcomes, controlling for a country’s average
economic status (i.e., GNI per capita).

In contrast with average income, the poverty headcount ratio was identified to have sig-
nificant and robust associations with all six health outcomes. Specifically, a lower pov-
erty headcount ratio was associated with a longer healthy life expectancy at birth, a lower
15— 60 adult mortality rate, a lower maternal mortality ratio, a lower under-five mortality
rate, a lower infant mortality rate, and a lower neonatal mortality rate. These findings high-
light the importance of improving outcomes for the least advantaged or most vulnerable
within a given society, and their significance for measured average outcomes. Although
Anand et al. (2004) did not find significant associations between income poverty rate and
maternal, infant, and under-five mortality rates across 83 countries in 2004, our findings
further highlight the importance of eradicating poverty which is also set as the SDG 1 by
the United Nations (United Nations, 2015).

Female education, i.e., mean years of female schooling, had significant coefficients in
some of the regression models for 15—60 adult mortality rate, under-five mortality rate,
infant mortality rate, and neonatal mortality rate. However, these associations were not
robust enough before and after weighted by population, showing how inter-connected these
factors are and defying facile accounts of causal effects. There are mixed results regarding
the associations of female education with these health outcomes in previous cross-country
studies as well, suggesting the importance of microeconomic studies with well-identified
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casual effects. Robinson et al. (2000), Schell et al. (2007), and Sartorius et al. (2014) noted
a significant association of female education measured by female literacy/illiteracy rate or
mean years of female adult education with infant mortality rate and under-five mortality
rate; however, the studies of Robinson et al. (2001), Anand et al. (2004), and Pinz6n-Flérez
et al. (2015) reported that female education was not significantly associated with mater-
nal, under-five, and neonatal mortality rates. Nevertheless, we cannot entirely dismiss the
importance of female education for these health outcomes, but must take into account its
inter-relationship with poverty and the broader social determinants of health.

There are several practical implications of our findings. Our cross-country results con-
firm the importance of health workforce in affecting multiple health outcomes. Therefore,
investment in health workforce should be an integral part of the strategies to improve health
outcomes and achieve health-related SDGs for every country, especially for these low- and
lower-middle-income countries, as which account for about eighty percent of the countries
that have not met the minimum targets set in the health-related SDGs by 2030. Meanwhile,
from the global perspective, it’s an urgent task and needs a lot of attention to strengthen
the construction of health workforce as about half of the WHO’s member countries do
not reach the WHO minimum recommendations related to the median achievement level
attainment of 80% coverage for health-related SDGs. Besides, as our study finds that it’s
difficult to improve current disparities in health outcomes between countries in different
income categories by improving the density of the health workforce alone, achieving non-
health SDGs related to poverty alleviation and expansion of female education and improv-
ing the health expenditure per capita should be included simultaneously in strategies to
achieve health-related SDGs, especially for low- and middle-income countries.

Several limitations of our study should be addressed. First, health workforce can be
discussed from four dimensions, i.e., availability, accessibility, acceptability, and quality
(World Health Organization, 2015). Our study only focused on the significance of the first
and the most basic level, i.e., availability, of the health workforce for multiple health out-
comes. Second, in addition to skilled health workers, medical doctors, and nursing and
midwifery personnel included in our study, there are other types of health workforce like
community health workers and traditional and complementary medicine personnel that are
also important to population health; although statistics on these health workers are lagging
and discordant across countries, they exist in many countries and are being statistically
available (World Health Organization, 2018), which could be included into the aggregate
health workforce for more analyses. However, as the quantity of these types of health work-
force is relatively small and their relative proportions of the total health workforce are low
and differ across countries, their omission in our study should not bring a large extent of
bias on the significance of aggregate health workforce for multiple health outcomes (Wool-
dridge, 2010). Third, due to the constraints of data availability, we used the most recent
data from 2007 to 2017 for densities of skilled health workers, medical doctors, and nurs-
ing and midwifery personnel in our study, which might bias their coefficients related to
these health outcomes. Besides, as the data of these variables used in our study were not
available for all countries at the time of analyses, when we introduced all variables in our
analyses, only 156 countries were included, that means our findings cannot necessarily be
generalized to all countries in the world. Fourth, our data were cross-sectional and could
not provide information of health workforce and health outcomes across multiple periods,
that means our study could not reflect the actual effect of density of health workforce on
health outcomes, i.e., the associations of densities of skilled health workers, medical doc-
tors, and nursing and midwifery personnel with six health outcomes in our study cannot be
concluded as causal relationships. More detailed analyses would be possible to undertake
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based on time-series data within or across countries. Fifth, it should be acknowledged that
the importance of uncontrolled factors in our study to health outcomes cannot be excluded,
such as adequate and appropriate nutrition, access to clean water and sanitation services,
medical products, vaccines, and technologies.

5 Conclusions

In sum, our study underscores that the relationship between health workforce and health
outcomes is both the cause and effect of broader socio-economic and health-system devel-
opments. A strong health workforce contributes to better health outcomes and is itself a
manifestation of a country’s previous investments that reduced poverty, improved health
outcomes, and laid the foundation for a robust health system. Investment in health work-
force should be an integral part of strategies to achieve health-related SDGs, and achiev-
ing non-health SDGs related to poverty alleviation and expansion of female education are
complementary to achieving both sets of goals, especially for low- and middle-income
countries. In light of the strains on the health workforce during the current COVID-19 pan-
demic, more attention should be paid to health workforce to strengthen health system resil-
ience and long-term improvement in health outcomes.

Supplementary Information The online version contains supplementary material available at https://doi.
0rg/10.1007/s11205-022-02910-z.

Author Contributions JL and KE designed the study. JL constructed the dataset, cleaned, and analyzed the
data. JL prepared the first draft of the manuscript and KE commented and revised it. JL. and KE finalized the
manuscript.

Funding Annual Project of Social Science Fund of Shaanxi Province, Grant Number: 2021R020, Funda-
mental Research Funds for the Central Universities, Grant Number: D5000210967, Major Programme of the
National Social Science Fund of China, Grant Number: 17ZDA079.

Availability of data and material The datasets used in this study are available online.
Declarations

Conflict of Interest We have no conflict of interest to disclose.

References

Aakvik, A., & Holmas, T. H. (2006). Access to primary health care and health outcomes: The relation-
ships between GP characteristics and mortality rates. Journal of Health Economics, 25(6), 1139-1153.
https://doi.org/10.1016/j.jhealeco.2006.04.001

Amiri, A., & Solankallio-Vahteri, T. (2019). Nurse staffing and life expectancy at birth and at 65 years old:
Evidence from 35 OECD countries. International Journal of Nursing Sciences, 6(4), 362-370. https://
doi.org/10.1016/j.ijnss.2019.07.001

Anand, S., & Birnighausen, T. (2004). Human resources and health outcomes: Cross-country econometric
study. The Lancet, 364(9445), 1603—1609. https://doi.org/10.1016/S0140-6736(04)17313-3

Basu, S., Berkowitz, S. A., Phillips, R. L., Bitton, A., Landon, B. E., & Phillips, R. S. (2019). Association
of primary care physician supply with population mortality in the United States, 2005-2015. JAMA
Internal Medicine, 179(4), 506. https://doi.org/10.1001/jamainternmed.2018.7624

@ Springer


https://doi.org/10.1007/s11205-022-02910-z
https://doi.org/10.1007/s11205-022-02910-z
https://doi.org/10.1016/j.jhealeco.2006.04.001
https://doi.org/10.1016/j.ijnss.2019.07.001
https://doi.org/10.1016/j.ijnss.2019.07.001
https://doi.org/10.1016/S0140-6736(04)17313-3
https://doi.org/10.1001/jamainternmed.2018.7624

630 J. Liu, K. Eggleston

Cochrane, A. L., St Leger, A. S., & Moore, F. (1978). Health service “input” and mortality “output” in
developed countries. Journal of Epidemiology and Community Health, 32(3), 200-205. https://doi.org/
10.1136/jech.32.3.200

Doyle, Jr., Joseph J (2020) Physician Characteristics and Patient Survival: Evidence from Physician Avail-
ability (Working Paper No. 27458). National Bureau of Economic Research. https://doi.org/10.3386/
w27458

Farahani, M., Subramanian, S. V., & Canning, D. (2009). The effect of changes in health sector resources on
infant mortality in the short-run and the long-run: A longitudinal econometric analysis. Social Science
and Medicine, 68(11), 1918-1925. https://doi.org/10.1016/j.socscimed.2009.03.023

Global Health Workforce Alliance (2014) A universal truth: No health without a workforce. Geneva, Swit-
zerland: World Health Organization. Retrieved from World Health Organization website: https://www.
who.int/workforcealliance/knowledge/resources/GHWA-a_universal_truth_report.pdf?ua=1

Gulliford, M. C. (2002). Availability of primary care doctors and population health in England: Is there an
association? Journal of Public Health, 24(4), 252-254. https://doi.org/10.1093/pubmed/24.4.252

Hertz, E., Hebert, J. R., & Landon, J. (1994). Social and environmental factors and life expectancy, infant
mortality, and maternal mortality rates: Results of a cross-national comparison. Social Science and
Medicine, 39(1), 105-114. https://doi.org/10.1016/0277-9536(94)90170-8

Houweling, T. A., Kunst, A. E., Looman, C. W., & Mackenbach, J. P. (2005). Determinants of under-5 mor-
tality among the poor and the rich: A cross-national analysis of 43 developing countries. International
Journal of Epidemiology, 34(6), 1257-1265. https://doi.org/10.1093/ije/dyi190

Kim, K., & Moody, P. M. (1992). More resources better health? A cross-national perspective. Social Science
and Medicine, 34(8), 837-842. https://doi.org/10.1016/0277-9536(92)90253-M

Liang, S., Macinko, J., Yue, D., & Meng, Q. (2019). The impact of the health care workforce on under-
five mortality in rural China. Human Resources for Health, 17(1), 21. https://doi.org/10.1186/
$12960-019-0357-5

Muldoon, K. A., Galway, L. P., Nakajima, M., Kanters, S., Hogg, R. S., Bendavid, E., & Mills, E. J. (2011).
Health system determinants of infant, child and maternal mortality: A cross-sectional study of UN
member countries. Globalization and Health, 7(1), 42. https://doi.org/10.1186/1744-8603-7-42

Or, Z., Wang, J., & Jamison, D. (2005). International differences in the impact of doctors on health: A mul-
tilevel analysis of OECD countries. Journal of Health Economics, 24(3), 531-560. https://doi.org/10.
1016/j.jhealeco.2004.09.003

Pinz6n-Florez, C. E., Fernandez-Nifio, J. A., Ruiz-Rodriguez, M., Idrovo, AT ., & Arredondo Lopez, A. A.
(2015). Determinants of performance of health systems concerning maternal and child health: a global
approach. PLoS ONE, 10(3), €0120747. https://doi.org/10.1371/journal.pone.0120747

Robinson, J., & Wharrad, H. (2000). Invisible nursing: Exploring health outcomes at a global level relation-
ships between infant and under-5 mortality rates and the distribution of health professionals, GNP per
capita, and female literacy. Journal of Advanced Nursing, 32(1), 28—40. https://doi.org/10.1046/j.1365-
2648.2000.01458.x

Robinson, J. J. A., & Wharrad, H. (2001). The relationship between attendance at birth and maternal mortal-
ity rates: An exploration of United Nations’ data sets including the ratios of physicians and nurses to
population, GNP per capita and female literacy. Journal of Advanced Nursing, 34(4), 445-455. https://
doi.org/10.1046/j.1365-2648.2001.01773.x

Russo, L. X., Scott, A., Sivey, P., & Dias, J. (2019). Primary care physicians and infant mortality: Evidence
from Brazil. PLoS ONE, 14(5), €0217614. https://doi.org/10.1371/journal.pone.0217614

Sachs, J., Schmidt-Traub, G., Kroll, C., Lafortune, G., & Fuller, G. (2018). SDG Index and Dashboards
Report 2018. New York: Bertelsmann Stiftung and Sustainable Development Solutions Network
(SDSN). Retrieved from Bertelsmann Stiftung and Sustainable Development Solutions Network
(SDSN) website: https://www.sdgindex.org/reports/sdg-index-and-dashboards-2018/

Sakai, R., Fink, G., Kumamaru, H., & Kawachi, I. (2016). The impact of pediatrician supply on child health
outcomes: longitudinal evidence from Japan. Health Services Research, 51(2), 530-549. https://doi.
org/10.1111/1475-6773.12354

Sartorius, B. K., & Sartorius, K. (2014). Global infant mortality trends and attributable determinants — an
ecological study using data from 192 countries for the period 1990-2011. Population Health Metrics,
12(1), 29. https://doi.org/10.1186/s12963-014-0029-6

Schell, C. O., Reilly, M., Rosling, H., Peterson, S., & Mia Ekstrom, A. (2007). Socioeconomic determinants
of infant mortality: A worldwide study of 152 low-, middle-, and high-income countries. Scandinavian
Journal of Public Health, 35(3), 288-297. https://doi.org/10.1080/14034940600979171

Stenberg, K., Hanssen, O., Edejer, T.T.-T., Bertram, M., Brindley, C., Meshreky, A., & Soucat, A.
(2017). Financing transformative health systems towards achievement of the health sustainable
development goals: A model for projected resource needs in 67 low-income and middle-income

@ Springer


https://doi.org/10.1136/jech.32.3.200
https://doi.org/10.1136/jech.32.3.200
https://doi.org/10.3386/w27458
https://doi.org/10.3386/w27458
https://doi.org/10.1016/j.socscimed.2009.03.023
https://www.who.int/workforcealliance/knowledge/resources/GHWA-a_universal_truth_report.pdf?ua=1
https://www.who.int/workforcealliance/knowledge/resources/GHWA-a_universal_truth_report.pdf?ua=1
https://doi.org/10.1093/pubmed/24.4.252
https://doi.org/10.1016/0277-9536(94)90170-8
https://doi.org/10.1093/ije/dyi190
https://doi.org/10.1016/0277-9536(92)90253-M
https://doi.org/10.1186/s12960-019-0357-5
https://doi.org/10.1186/s12960-019-0357-5
https://doi.org/10.1186/1744-8603-7-42
https://doi.org/10.1016/j.jhealeco.2004.09.003
https://doi.org/10.1016/j.jhealeco.2004.09.003
https://doi.org/10.1371/journal.pone.0120747
https://doi.org/10.1046/j.1365-2648.2000.01458.x
https://doi.org/10.1046/j.1365-2648.2000.01458.x
https://doi.org/10.1046/j.1365-2648.2001.01773.x
https://doi.org/10.1046/j.1365-2648.2001.01773.x
https://doi.org/10.1371/journal.pone.0217614
https://www.sdgindex.org/reports/sdg-index-and-dashboards-2018/
https://doi.org/10.1111/1475-6773.12354
https://doi.org/10.1111/1475-6773.12354
https://doi.org/10.1186/s12963-014-0029-6
https://doi.org/10.1080/14034940600979171

The Association between Health Workforce and Health Outcomes:... 631

countries. The Lancet Global Health, 5(9), e875-e887. https://doi.org/10.1016/S2214-109X(17)
30263-2

Subramaniam, T., Loganathan, N., Yerushalmi, E., Devadason, E. S., & Majid, M. (2018). Determi-
nants of infant mortality in older ASEAN economies. Social Indicators Research, 136(1), 397-415.
https://doi.org/10.1007/s11205-016-1526-8

Tavares, A. I. (2017). Infant mortality in Europe, socio-economic determinants based on aggregate data.
Applied Economics Letters, 24(21), 1588—1596. https://doi.org/10.1080/13504851.2017.1340565

The Economist. (2020). Tracking covid-19 excess deaths across countries. Retrieved from https://www.
economist.com/graphic-detail/2020/07/15/tracking-covid-19-excess-deaths-across-countries

The World Bank. (2019). Country classification: Classification of economies. Washington, D.C: The
World Bank. Retrieved from The World Bank website: https://datahelpdesk.worldbank.org/knowl
edgebase/articles/906519-world-bank-country-and-lending-groups

UNICEF, WHO, World Bank Group, & United Nations. (2018). Levels & trends in child mortality report
2018: Estimates developed by the UN Inter-agency Group for Child Mortality Estimation. New
York: United Nations Children’s Fund. Retrieved from United Nations Children’s Fund website:
https://childmortality.org/reports

United Nations. (2015). Transforming Our World: The 2030 Agenda for Sustainable Development. New
York https://doi.org/10.1891/9780826190123.ap02

United Nations Development Programme (UNDP). (2018). Human development indices and indica-
tors: 2018 statistical update. New York: United Nations Development Programme. Retrieved from
United Nations Development Programme website: http://www.hdr.undp.org/sites/default/files/
2018_human_development_statistical_update.pdf

Victora, C. G., Vaughan, J. P., Barros, F. C., Silva, A. C., & Tomasi, E. (2000). Explaining trends in
inequities: Evidence from Brazilian child health studies. The Lancet, 356(9235), 1093-1098.
https://doi.org/10.1016/S0140-6736(00)02741-0

Wagstaff, A. (2002). Inequalities in health in developing countries: Swimming against the tide? The
World Bank. https://doi.org/10.1596/1813-9450-2795

Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data (2nd ed.). MIT Press.

World Health Organization (Ed.). (2010). Monitoring the building blocks of health systems: A handbook
of indicators and their measurement strategies. Geneva: World Health Organization. Retrieved
from https://www.who.int/workforcealliance/knowledge/toolkit/26.pdf

World Health Organization. (2006). The World Health Report 2006—Working together for health.
Geneva: World Health Organization. Retrieved from World Health Organization website: https://
www.who.int/whr/2006/whr06_en.pdf?ua=1

World Health Organization. (2015). Health in 2015: From MDGs to SDGs. Geneva, Switzerland: World
Health Organization. Retrieved from World Health Organization website: http://apps.who.int/iris/
bitstream/10665/200009/1/9789241565110_eng.pdf

World Health Organization. (2016a). Global strategy on human resources for health: Workforce 2030.
Geneva: World Health Organization. Retrieved from World Health Organization website: https://
apps.who.int/iris/bitstream/handle/10665/250368/9789241511131-eng.pdf?sequence=1

World Health Organization. (2016b). Health workforce requirements for universal health coverage and
the Sustainable Development Goals. Geneva: World Health Organization. Retrieved from World
Health Organization website: https://apps.who.int/iris/bitstream/handle/10665/250330/9789241511
407-eng.pdf?sequence=1

World Health Organization. (2017). Framing the health workforce agenda for the Sustainable Develop-
ment Goals: Biennium report 2016-2017 WHO health workforce. Geneva: World Health Organi-
zation. Retrieved from World Health Organization website: https://www.who.int/hrh/BienniumRe
portRevised2017.pdf?ua=1

World Health Organization. (2018). The 2018 update, Global Health Workforce Statistics. Geneva:
World Health Organization. Retrieved from World Health Organization website: http://apps.who.
int/gho/data/node.main. HWFGRP?lang=en

World Health Organization. (2019a). Global spending on health: A world in transition. Geneva, Switzer-
land: World Health Organization. Retrieved from World Health Organization website: https://apps.
who.int/nha/database/DocumentationCentre/Index/en

World Health Organization. (2019b). Trends in maternal mortality 2000 to 2017: Estimates by WHO,
UNICEF, UNFPA, World Bank Group and the United Nations Population Division. Geneva: World
Health Organization. Retrieved from World Health Organization website: https://www.who.int/
reproductivehealth/publications/maternal-mortality-2000-2017/en/

@ Springer


https://doi.org/10.1016/S2214-109X(17)30263-2
https://doi.org/10.1016/S2214-109X(17)30263-2
https://doi.org/10.1007/s11205-016-1526-8
https://doi.org/10.1080/13504851.2017.1340565
https://www.economist.com/graphic-detail/2020/07/15/tracking-covid-19-excess-deaths-across-countries
https://www.economist.com/graphic-detail/2020/07/15/tracking-covid-19-excess-deaths-across-countries
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://childmortality.org/reports
https://doi.org/10.1891/9780826190123.ap02
http://www.hdr.undp.org/sites/default/files/2018_human_development_statistical_update.pdf
http://www.hdr.undp.org/sites/default/files/2018_human_development_statistical_update.pdf
https://doi.org/10.1016/S0140-6736(00)02741-0
https://doi.org/10.1596/1813-9450-2795
https://www.who.int/workforcealliance/knowledge/toolkit/26.pdf
https://www.who.int/whr/2006/whr06_en.pdf?ua=1
https://www.who.int/whr/2006/whr06_en.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/200009/1/9789241565110_eng.pdf
http://apps.who.int/iris/bitstream/10665/200009/1/9789241565110_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/250368/9789241511131-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250368/9789241511131-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250330/9789241511407-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250330/9789241511407-eng.pdf?sequence=1
https://www.who.int/hrh/BienniumReportRevised2017.pdf?ua=1
https://www.who.int/hrh/BienniumReportRevised2017.pdf?ua=1
http://apps.who.int/gho/data/node.main.HWFGRP?lang=en
http://apps.who.int/gho/data/node.main.HWFGRP?lang=en
https://apps.who.int/nha/database/DocumentationCentre/Index/en
https://apps.who.int/nha/database/DocumentationCentre/Index/en
https://www.who.int/reproductivehealth/publications/maternal-mortality-2000-2017/en/
https://www.who.int/reproductivehealth/publications/maternal-mortality-2000-2017/en/

632 J. Liu, K. Eggleston

World Health Organization. (2019c). World Health Statistics 2019c: Monitoring health for the SDGs.
Geneva: World Health Organization. Retrieved from World Health Organization website: https://apps.
who.int/iris/bitstream/handle/10665/324835/9789241565707-eng.pdf?ua=1

World Health Organization. (2020). World Health Statistics 2020: Monitoring health for the SDGs. Geneva,
Switzerland: World Health Organization. Retrieved from World Health Organization website: https://
apps.who.int/iris/bitstream/handle/10665/332070/9789240005105-eng.pdf

World Health Organization. (n.d.). Global Health Observatory Data Repository. World Health Organiza-
tion. Retrieved from World Health Organization website: https://apps.who.int/gho/data/view.main.
1360?lang=en

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://apps.who.int/iris/bitstream/handle/10665/324835/9789241565707-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/324835/9789241565707-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/332070/9789240005105-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332070/9789240005105-eng.pdf
https://apps.who.int/gho/data/view.main.1360?lang=en
https://apps.who.int/gho/data/view.main.1360?lang=en

	The Association between Health Workforce and Health Outcomes: A Cross-Country Econometric Study
	Abstract
	1 Introduction
	2 Material and Methods
	2.1 Choice of Variables
	2.1.1 Dependent Variables
	2.1.2 Independent Variables
	2.1.3 Confounding Variables

	2.2 Data Sources
	2.3 Statistical Analysis

	3 Results
	3.1 Global Profiles of Health Outcomes, Health Workforce, and Other Variables
	3.2 Relationship between Health Workforce and Health Outcomes by Scatter Plots
	3.3 Multiple Log-Linear Regression Analyses
	3.4 Interaction Analyses and Counterfactual Scenario Analyses
	3.5 Correlation between Health Workforce and Covid-19 Excess Deaths

	4 Discussion
	5 Conclusions
	References




