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Abstract 

Background: Nursing personnel are critical for enabling access to health service in primary health care. However, the 
State of the World’s Nursing 2020 report showed important inequalities in nurse availability between countries.

Methods: The purpose of this study/analysis was to describe the differences in nurse-to-population density in 58 
countries from six regional areas and the relationship between differences in access to nurses and other indicators of 
health equity.

Results: All countries and income groups showed subnational inequalities in the distribution of nursing personnel 
with Gini coefficients ranging from 1 to 39. The latter indicated situation such as 13% of the population having access 
to 45% of nurses in a country. The average max-to-min ratio was on average of 11-fold. In our sample, the African 
region had the highest level of subnational inequalities with the average Gini coefficient of 19.6. The European Region 
had the lowest level of within-country inequalities with the average Gini coefficient being 5.6. A multivariate analysis 
showed a clustering of countries in three groups: (1) high Gini coefficients comprised mainly African countries; (2) 
moderate Gini coefficients comprised mainly South-East Asian, Central and South American countries; (3) low Gini 
coefficients comprised mainly Western countries, Japan, and Korea. The analysis also showed that inequality in distri-
bution of nurses was correlated with other indices of health and inequality such as the Human Development Index, 
maternal mortality, and life expectancy.

Conclusions: This study showed that there is a high level of geographic inequality in the distribution of nurses at 
subnational level. Inequalities in nursing distribution are multifactorial, to improve access to nurses, policies should be 
bundled, tailored to the local context and tackle the various root causes for inequalities.
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Background
Achieving Universal Health Coverage (UHC) through 
primary health care (PHC) is the principal mechanism 
for achieving Sustainable Development Goal (SDG) 
3: Ensure healthy lives and promote well-being for all 
[1–3]. The World Health Organization (WHO) moni-
tors progress towards UHC by the level and equity of 

coverage in countries as the proportion of a popula-
tion that can access essential quality health services 
[4]. Even while 2019 assessment found that overall 
coverage was increasing, they found that inequal-
ity persisted, poor countries were lagging behind and 
within-country coverage varied substantially; leaving 
some of the most vulnerable behind [5]. Since the rela-
tionship between health workers and health outcomes 
is well established, and as part of SDG objective 3.c, 
WHO also tracks progress in access to health care 
workers [6]. Development of the WHO Global Strategy 
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for Human Resources for Health (GSHRH) identified 
important global disparities in health workforce availa-
bilities and a shortage of up to 18 million health work-
ers, primarily in low and middle-income countries [7].

In many countries, the population need for health 
workers is not matched by economic demand and 
ability to pay for health worker jobs, nor by the tech-
nical and financial resources to produce the neces-
sary health workforce [8, 9]. Undoubtedly, social, 
economic, and political policies can also influence 
the extent countries to invest in human resources for 
health [10, 11]. The biggest gaps are in least developed 
countries and small island developing states where 
PHC spending per capita and investments in human 
resources for health need to substantially increase [9]. 
A challenge for countries from all income groups is 
ensuring the availability of valid, reliable, up-to-date, 
and easily accessible data on human resources for 
health with which to make national health policy deci-
sions [12, 13]. While the number of countries able to 
report standardized national health workforce data is 
increasing, countries must have these data at a subna-
tional level to ensure equitable distribution for UHC, 
leaving no one behind [14–17].

Nurses can greatly contribute to equitable service 
coverage and access to health workers through effica-
cious and cost-effective primary health care and non-
communicable disease services [18–25]. Nurses in 
advanced practice roles can improve the quality and 
efficiency of care as well as greatly increase access to 
primary health care services [26–30]. However, the 
State of the World’s Nursing 2020 (SoWN) report iden-
tified vast inequities in the density and distribution of 
nurses globally, across WHO Regions, and between 
countries within Regions [31]. During the develop-
ment of the State of the World’s Nursing report, rela-
tively few countries reported their subnational nursing 
headcounts, suggesting it was not available for health 
workforce and health services planning. While some 
studies of health workforce density and distributional 
equality have included nurses [32–34], there have not 
yet been dedicated studies examining how the subna-
tional density of nurses relates to equality in service 
coverage and other indicators of health equity relevant 
to UHC.

The purpose of this study was to identify the dif-
ferences in nurse-to-population density in a sample 
of 58 countries from the six WHO Regions, describe 
the relationship between inequality in the subnational 
distribution of nurses and other indicators of inequal-
ity, and discuss relevant policy approaches to advance 
towards UHC.

Methods
Data on the number of nursing personnel at the first 
administrative level were obtained from two sources. 
First, data reported to WHO as part of the elabora-
tion of the State of the World Nursing report 2020 [31] 
were gathered through the National Health Workforce 
Accounts (NHWA) [35]. These data were complemented 
by census data obtained from the Integrated Public Use 
Microdata Series (IPUMS) database [36] for countries 
reporting sufficient details on occupation of census par-
ticipants, i.e. a four-digit code established in the 1988 or 
2008 revisions of the International Standard Classifica-
tion of Occupations. Each country was classified accord-
ing to their income group as per World Bank grouping 
as of June 2020. Data reported to WHO spanned from 
2013 to 2018, and data from latest available census were 
extracted over the period 2005 to 2017.

Population data were identified for each country and 
each administrative unit using data reported mostly by 
national statistical offices (NSO). When there was a dif-
ference between the population size from these sources 
and the population size from the Population Division 
of the Department of Economic and Social Affairs (UN 
DESA) of the United Nations Secretariat [37], the popu-
lation by subnational unit was rescaled to the population 
of UN Population Prospects. This ensured that subna-
tional densities were reported with a similar denominator 
as the UN Population Prospects enabling cross-country 
and within-country comparisons. When year of report-
ing of count of nursing personnel and population distri-
bution differed, a scaling factor was first applied based on 
population size in UN population prospect between year 
of population data and year of nursing data. All sources 
on the count of nurses and population are provided in 
supplementary material (Additional file 1: Table S1).

For each country, additional contextual indicators 
were extracted, including, the Human Development 
Index (HDI), the share of urban population from UN 
data division, out-of-pocket health expenditure and cur-
rent health expenditure (CHE) as percentage of gross 
domestic product (GDP) from the WHO’s Global Health 
Observatory of World Health Organization [38].

For each country and each subnational level, the den-
sity of nursing personnel was expressed as the number 
of nursing personnel, defined as headcount, per 10,000 
population. The number of subnational units were 
reported. The inequality in the distribution of nursing 
personnel was measured by two indicators. The ratio of 
the administrative unit with highest density of nurses 
to 10,000 population to the administrative unit with the 
lowest density (max-to-min ratio) in a country was cal-
culated. There are many metrics that can be calculated 
to reflect distributional inequality of health workforce 
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across geographic units [39]. The metrics employed in 
this study are the max-to-min ratio and the Gini Index. 
The density of nurses to populations at subnational units 
was considered as a resource in the computation of a 
Gini coefficient. Hereafter, mentions of “Gini coefficient” 
correspond to this measure of geographic inequality in 
nursing workforce distribution across the first adminis-
trative unit in a given country. This Gini coefficient here 
is expressed as a percentage from 0 to 100; this can be 
interpreted as the magnitude of deviation from an hypo-
thetical equal distribution of nurse-to-population ratio 
across all subnational units. Values close to 0 indicate a 
situation of equality. The Gini coefficient has the advan-
tage of measuring the degree of distributional inequality 
in nurse-to-population density across all administrative 
units, whereas the max-to-min ratio only used data from 
two regions.

Because the number of subnational units varies across 
countries (range: 3–54), it is plausible that countries 
with more administrative units would have larger max-
to-min ratio due to more granular distribution of popu-
lation. Similarly, the Gini coefficient, although using the 
data from every administrative unit available, could also 
be biased to smaller value when very few administrative 
units were available; therefore inaccurately reflecting the 
degree of geographical inequality. To assess the degree 
of bias by the number of units in the present sample of 
countries, the two measures of inequality were compared 
with the number of administrative units (Additional 
file  1: Figs. S1 and S2). This showed that comparison 
across countries in this sample for this study did not 
seem systematically biased by the number of adminis-
trative units in countries. Nevertheless, caution should 
be employed when comparing such measures across 
countries.

Boxplots were used to describe the distribution of the 
Gini coefficient by the World Bank income classification.

Statistical modelling
The dataset of contextual socio-economic indicators 
contained missing entries, therefore, to enable inclu-
sion in the analysis of all countries, missing entries were 
imputed. This was done by training a Random For-
est algorithm then by predicting missing entries [40]. 
Countries were clustered into groups, using all addi-
tional contextual indicators described above except the 
Gini coefficient for subnational distribution of nurses. 
The number of clusters considered in the analysis varied 
between two to six. The clustering technique was based 
on Gaussian mixture models with the assumption that 
the rows of the data matrix represented points centered 
around cluster-specific ellipses in a multi-dimensional 
space.  Lastly, to investigate more closely the relation 

between the Gini coefficient and other socio-economic 
variables, a multivariate analysis was conducted using a 
(beta) regression of the Gini coefficient on other factors 
listed above as independent variables.

Results
Data on nursing personnel distribution were obtained 
from 58 countries representing a wide range of coun-
tries from all income groups and all WHO Regions, and 
from countries with very low density of nursing person-
nel, such as Madagascar with only 1.5 nursing personnel 
per 10,000 population, to countries with high density, 
such as Ireland with 164.7 nurses per 10,000 populations 
(Table 1).

A broad diversity in distribution of nursing personnel 
at subnational level could be seen with the max-to-min 
ratio. It ranged from 1.1 in Belarus to 179 in India. The 
stunning variation across countries of the max-to-min 
ratio statistics could be due to extreme densities in very 
small populations, and therefore might be of limited 
significance from a global perspective. These should be 
interpreted with caution as they have a rather low cor-
relation (R2 = 11% Pearson correlation) with Gini index 
describing inequality over the whole population (Addi-
tional file 1: Fig. S3).

The Gini index ranged from 1—indicating nearly equal 
distribution of nursing personnel—in Cuba, Haiti, Ire-
land, Malawi, and Pakistan to 39 in Madagascar and Mali. 
In Mali, for example, 2950 out of the 6490 nursing per-
sonnel in the country were in Bamako, which means that 
13% of the population had access to nearly half (45%) of 
nurses in the country.

The data from these 58 countries indicated that the 
level of inequality varied by WHO Regions, with lower 
geographical inequality observed in the European Region 
and the Region of the Americas (Table  2). The largest 
inequities were observed in the African Region.

Countries in the highest income category, either from 
upper-middle income or high-income, had a lower aver-
age Gini coefficient (on average 7.4) than countries from 
lower-middle (on average 12.4) or low-income group (on 
average 19.6) (Fig. 1).

High Gini coefficients were mostly seen in countries 
with low density of nursing personnel (Fig. 2), while for 
most countries with a density of nursing personnel above 
25 nurses per 10,000 population the Gini coefficient only 
rarely exceeded 15% (only in United Arab Emirates and 
Venezuela).

Similar to the World Bank income classification, a cor-
relation was observed between the average Gini coef-
ficient and the Human Development Index (R2 = 24%): 
the higher the development index the lower was the Gini 
coefficient. Other factors such as the health expenditure 
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Table 1 Summary of nursing density and subnational distribution statistics for 58 countries

Country National density of nursing 
personnel*per 10,000 population

(Min–max) Number of 
subnational units

Amplitude of 
variation (max/min)

Gini index 
(0–100)

Afghanistan 2.5 (0.8–11.1) 34 14.4 20

Angola 4.1 (2.5–8.1) 18 3.3 21

Armenia 48.4 (21.8–62.2) 11 2.9 11

Australia 116.9 (103–150.3) 8 1.5 4

Belarus 99.9 (95.8–106.7) 6 1.1 2

Belize 23.4 (14.5–33.4) 6 2.3 13

Bolivia 15.6 (8.6–28.6) 9 3.3 3

Brazil 38.5 (21.2 – 55.0) 25 2.6 8

British Virgin Islands 92.6 (31.1–104.4) 4 3.4 11

Burkina Faso 5.4 (2.8–11.9) 13 4.2 19

Cambodia 6.9 (2.7–22.2) 25 8.3 4

Congo 7.5 (3.4–15.3) 12 4.5 9

Cook Island 66.8 (48.2–179.2) 12 3.7 2

Cote d’Ivoire 6.0 (4.1–15.6) 19 3.9 6

Cuba 75.6 (68.7–98.6) 14 1.4 1

DRC 5.4 (1.3–77.2) 26 60.3 26

Ecuador 28.3 (17.9–40.3) 24 2.3 3

Egypt 58.3 (24.4–179.8) 24 7.4 9

El Salvador 13.7 (3.1–20.2) 14 6.4 21

Eritrea 12.1 (4.9–34.6) 6 7.1 32

Eswatini 37.1 (24.2–53.5) 4 2.2 15

Ethiopia 5.4 (2.5–22.5) 11 9.0 15

Fiji 6.8 (2.2–11.6) 4 5.2 30

France 84.4 (57.7–109.1) 26 1.9 2

Greece 38.1 (12.5–70.7) 54 5.6 13

Guyana 9.4 (0.4–17.1) 10 44.1 7

Haiti 3.8 (1.5–7.7) 4 5.2 1

Honduras 7.3 (2.5–31.9) 18 12.5 9

India 8.6 (1.8–329.6) 29 179.0 8

Iran 20.0 (12.7–28.2) 30 2.2 2

Iraq 20.4 (11.2–39.1) 18 3.5 4

Ireland 164.7 (134.2–202.8) 8 1.5 1

Japan 121.5 (83.6–199.5) 47 2.4 8

Kenya 11.7 (2.1–33.3) 47 15.5 29

Korea (Republic of ) 73.0 (2.6–105.3) 17 40.7 6

Lesotho 17.8 (7.1–33.3) 10 4.7 22

Madagascar 1.5 (0.4–9.8) 22 26.2 39

Malawi 4.4 (4.1–4.7) 3 1.1 1

Malaysia 34.7 (21.8–342.0) 16 15.7 3

Mali 4.5 (1.8–16.2) 8 9.2 39

Mexico 24.2 (11.8–41.7) 32 3.5 13

Micronesia 20.4 (12.6–44.9) 4 3.6 7

Mozambique 4.8 (3.5–8.2) 11 2.3 6

Nigeria 13.6 (2.5–34.9) 24 13.9 34

Pakistan 7.5 (1.3–21.3) 6 16.4 1

Panama 29.5 (8.1–41.1) 7 5.1 5

Peru 23.7 (16.4–50.0) 24 3.1 6

Philippines 49.4 (28.7–72.5) 13 2.5 2

Portugal 58.8 (32.3 – 152.0) 22 4.7 3



Page 5 of 10Boniol et al. Human Resources for Health           (2022) 20:22  

Table 1 (continued)

Country National density of nursing 
personnel*per 10,000 population

(Min–max) Number of 
subnational units

Amplitude of 
variation (max/min)

Gini index 
(0–100)

Romania 56.2 (17.7–89.3) 39 5.0 7

South Africa 13.1 (7.8–16.6) 9 2.1 6

United Arab Emirates 57.3 (26.0–84.2) 7 3.2 21

United States of America 109.6 (30.0–152.1) 51 5.1 3

Uruguay 29.9 (13.2–39.5) 19 3.0 15

Vanuatu 14.2 (9.8–22.8) 4 2.3 10

Venezuela 20.7 (1.9–44.8) 24 23.3 3

Vietnam 16.8 (8.4–24.1) 38 2.9 11

Zambia 9.9 (5.0–13.9) 10 2.8 16

*Defined as headcount

Table 2 Average measure of inequality in distribution of nursing personnel by WHO Region

WHO Region Number of countries 
(total)

Average number of 
subnational units

Average max/min ratio Average 
Gini index

African Region 17 (47) 15 10.1 19.6

Region of the Americas 16 (35) 18 7.9 7.6

Eastern Mediterranean Region 6 (21) 20 7.8 9.5

European Region 7 (53) 24 3.3 5.6

South-East Asia Region 1 (11) 29 179.0 8.2

Western Pacific Region 11 (27) 17 8.1 7.8

Total 58 (194) 18 11.0 11.1

Fig. 1 Boxplot of the distribution of Gini index of the subnational distribution of nursing personnel (Gini coefficient close to 0 means equal 
distribution of nurses across regions) in 58 countries by income group
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were only weakly correlated with Gini coefficient of 
nursing density such as health expenditure (R2 = 9.7%). 
Lastly, the level of national urbanization, as the share of 
total population living in urban area, was not correlated 
with the inequitable distribution of nursing personnel 
(R2 = 1.8%).

The analysis of data through clustering models revealed 
a clustering of countries into three groups: a first group 
(in red on the figure) with countries mainly from the 
African region, a second group (in green) consisting of 
countries mainly from the South-East Asia region, Cen-
tral and South American countries, and a third group 
(in blue) consisting predominantly of upper-middle and 
high-income countries, Japan, and Korea (from bottom 
to top in Fig. 3).

Variation of the Gini coefficient was group-specific, 
with values of the Gini coefficient shifted towards lower 
values from group 1 (African countries) to group 3 (Euro-
pean countries). It was also noticeable that the ranges 
overlapped, for example with Gini coefficient of Greece 
(0.13, group 3) of the order of that of Mexico (0.13, 
group 2) or Ethiopia (0.15, group 1). The United States of 
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Fig. 2 Scatter plot of the Gini coefficient (0–100) and density of 
nursing personnel per 10,000 in 58 countries

Fig. 3 Variation of Gini coefficient (express here as 0–1) of nurse density at subnational level. Country clusters were obtained based on 
socio-economic indicators only. Note The indicators included in the clustering analysis are available in supplementary material
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America was clustered in the first group which consists 
mostly of African countries, but had a Gini coefficient 
of 0.03 which is close to the mean value for the group 
of European countries. In a sensitivity analysis allowing 
aggregation of countries into four groups, the United 
States of America becomes an outlier and included as 
a separate group. The multivariate analysis with beta 
regression showed the strongest association of the Gini 
coefficient with four variables: the human development 
index, the maternal mortality ratio per 100,000 live 
births, the inequality in life expectancy and the current 
health expenditure as percentage of GDP (Additional 
file 1: Table S2).

Discussion
The analysis of subnational distribution of nursing per-
sonnel in 58 countries revealed inequity in the distribu-
tion of nurses within countries. Disparities were observed 
across all WHO Regions and all income groups although 
the largest inequalities in the distribution of nursing per-
sonnel were found in the African region. Countries with 
lowest densities of nursing personnel tend to have larg-
est Gini coefficient. On average, an 11-fold difference was 
observed between the regions with highest nurse den-
sities as compared to the region with lowest densities. 
Therefore, a similar magnitude of distributional inequal-
ity exists at subnational level as compared to the global 
and regional differences identified in the SoWN 2020. 
The largest inequalities found in the present analysis were 
in countries in the African Region which simultaneously 
have the lowest overall densities of nursing. These coun-
tries face both a scarcity of nursing personnel at national 
level and a severe maldistribution of the few nursing 
resources within country. While the size of the global 
nursing workforce is projected to grow by approximately 
8 million by 2030, approximately 70% of the growth is 
expected in upper middle- and high-income countries 
[31]. The SoWN 2020 estimated that low- and lower-
middle income countries would need to increase their 
domestic production of nurses by about 8% per annum, 
alongside sustained investments in the recruitment and 
retention of the graduates, at a cost of approximately 
USD $10 per capita per year through 2030 [31].

Effectively and sustainably increasing investments in 
health worker education and employment requires mul-
tisectoral policy action. The GSHRH [7] uses a health 
labour market framework [41] to describe policy options 
that can improve the recruitment, development, train-
ing and retention of the health workforce, with specific 
considerations for least developed countries and small 
island developing states. The retention of health work-
ers in rural or remote area is a pervasive challenge, but 
several, acceptable and feasible, policy inventions have 

been identified [42, 43]. Policy measures tailored to the 
local context that simultaneously address education 
and training, regulation, incentives and support in an 
integrated and bundled way are proven to help reduce 
the geographic maldistribution of health workers [44]. 
Investments and policies must include safeguarding and 
protection of health workforce [45, 46].

The Global Strategic directions for nursing and mid-
wifery 2021–2025 [47] provides policy priorities, aligned 
with the guidance above, to ensure that nurses maximally 
contribute to national health goals and UHC. Policy-rel-
evant evidence on what specifically contributes to nurses’ 
retention in health and care settings [48–51], including 
for advanced practice nurses in rural and remote settings, 
is increasingly available [52–54]. Institutionalizing these 
aspects requires a context-specific aligning of the educa-
tion, training, and lifelong learning of nurses with opti-
mized roles of nurse in the health system, updating and 
strengthening professional regulations, providing lead-
ership and career advancement opportunities, ensuring 
safe and supportive service delivery environments, and 
competent management, planning and forecasting of the 
nursing workforce to ensure nurses are where they are 
most needed [31, 47].

The multivariate analysis identified a variety of factors 
potentially associated with this inequitable distribution 
of nursing personnel, with inequity more important in 
countries with lower human development index, with 
high maternal mortality, and high inequity of life expec-
tancy. It should be noted that this comparison is based 
on data aggregated at national level, and further investi-
gation should require all these factors being available at 
subnational level. There was clear opposition between 
higher income countries (Western Europe, Japan, Korea) 
with high development index and higher expenditure 
in education, and the grouping of countries compris-
ing lower income countries of Asia, Central and South 
America. This could suggest that weaker investment in 
the human capital both for the active workers and for 
the education and that existing inequities in these areas 
results in inequitable distribution of nurses.

This observation is in line with the 2021 UHC Monitor-
ing Report which found that the within-country relation-
ship between inequalities in accessing essential health 
services and both the education and urbanization levels 
was particularly pronounced in low-income countries 
[55]. It also supports studies which, using subnational 
data, identified inequalities in the distribution of health 
workers, correlation with health spending, and impacts 
on PHC service delivery and health outcomes [56–58]. 
Related frameworks have also suggested that inequities 
in various domain are intrinsically correlated and that 
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inequities tend to cluster in particular in the poorest 
countries as having similar root causes [42].

Identifying root causes of inequities, correlated factors, 
and impacts upon health and well-being on the route 
towards UHC requires investment and political com-
mitment to enhance country health information systems 
for timely, accurate, and disaggregated data [55]. For 
essential health services to be equitably available, health 
workforce data must be available at the subnational level. 
This analysis demonstrated the feasibility to monitor and 
report the distribution of nursing personnel at the first 
administrative level for 58 countries. Through the pro-
gressive implementation of the National Health Work-
force Accounts [35], countries can be better equipped to 
conduct such evaluations to inform health policy [31, 59, 
60]. Senior government nursing leaders should be ena-
bled to and accountable for driving the national agenda 
to improve and utilize nursing workforce data for health 
policy decision-making [31, 47].

The present study has a series of limitations, but nev-
ertheless, presents an important step in harmoniz-
ing approaches to understanding geographical mal 
distribution among nurses. While data for countries on 
all continents could be identified, with only 58 countries 
included, not enough data on nursing personnel distribu-
tion at subnational level exist to provide a comprehensive 
global description of nursing personnel inequity. These 
data were also from different points in time, some being 
rather old relying on census statistics. In addition, they 
cover different geographies and sizes therefore spatial 
heterogeneity is an issue. The progress on NHWA imple-
mentation would likely result in improved assessment 
in the coming years, but countries should improve their 
monitoring and reporting systems to enable such criti-
cal assessment. The definition of subnational level varies 
between countries with sometimes states, department 
of region being used as first-level subnational unit. In 
some countries, these will be administrative units aligned 
with health planning/services in other they will be less 
aligned to policy intervention. These variations in defini-
tion of subnational level will remain in coming years as 
the United Nation Statistics Division only recently sup-
ported the use of the DegUrba methodology to classify 
the degree of urbanization enabling better comparison of 
subnational data [61].

Conclusions
Geographical inequality in access to nursing person-
nel has been long known  between countries [31]. This 
study shows that geographical inequalities were largely 
present within countries and that there is an important 
gradient of inequality; with the poorest countries and 
those with the most severe shortage of health workers 

facing the greatest challenges of maldistribution. Coun-
tries in the African region, who already had the lowest 
densities of nurses, also had the largest inequity result-
ing in exacerbated consequences for populations in 
remote and rural areas. Investment in nursing educa-
tion and employment could help tackle the inequity at 
subnational level. Intersectoral policy action is needed 
to redress these gaps and ensure the most vulnerable 
populations have access to nurses and the critical pri-
mary health care services they can provide.

Abbreviations
CHE: Current health expenditure; GSHRH: Global Strategy for Human 
Resources for Health; GDP: Gross domestic product; HDI: Human Develop-
ment Index; NHWA: National Health Workforce Accounts; NSO: National 
statistical offices; PHC: Primary health care; SDG: Sustainable Development 
Goal; SoWN: State of the World’s Nursing 2020 report; UHC: Universal Health 
Coverage; WHO: World Health Organization.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12960- 022- 00720-5.

Additional file 1: Table S1. Summary of subnational data source for the 
analysis. Figure S1. Scatter plot of amplitude of subnational variation of 
density (max to min ratio) and number of subnational units. Variation of 
density is the max to min ratio between the region with maximum den-
sity and region with lowest density. Figure S2. Scatter plot of Gini index 
measuring the inequitable distribution of nursing personnel and number 
of subnational units. Variation of density is the max to min ratio between 
the region with maximum density and region with lowest density. Figure 
S3. Correlation between the Gini index and the Max/min ratio of density 
of nursing personnel. Gini index and max/min ratio are on a log scale and 
the dashed line is a power function regression between the two indicators 
(equation and  R2 displayed on the graph). Table S2. Results of the multi-
variate beta regression of the Gini index measuring inequality in nursing 
distribution at subnational level with several socio-economic factors. 
Table S3. List of variables included in the multivariate beta regression, 
with year, source and data link.

Acknowledgements
The authors would like to thank Tapas Sadasivan Nair (Health Workforce 
Department, WHO) for providing comments on the manuscript.

Authors’ contributions
MB, KD conceptualized the study. DL, MB, GG conducted data management 
and statistical analysis. CMC and MB drafted the first manuscript. All authors 
contributed to editing the manuscript. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

https://doi.org/10.1186/s12960-022-00720-5
https://doi.org/10.1186/s12960-022-00720-5


Page 9 of 10Boniol et al. Human Resources for Health           (2022) 20:22  

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 17 December 2021   Accepted: 20 February 2022

References
 1. United Nations. Transforming our world: the 2030 Agenda for Sustain-

able Development - Resolution adopted by the General Assembly on 25 
September 2015. 2015.

 2. United Nations. Political Declaration of the High-Level Meeting on Uni-
versal Health Coverage "Universal health coverage: moving together to 
build a healthier world". 2019.

 3. World Health Organization (WHO). Declaration of Astana: Global Confer-
ence on Primary Health Care. Astana, Kazakhstan: World Health Organiza-
tion; 25 -26 October 2018.

 4. (WHO) WHO. Universal health coverage (UHC): World Health Organisa-
tion (WHO); 2021 [18 June 2021]. https:// www. who. int/ news- room/ fact- 
sheets/ detail/ unive rsal- health- cover age- (uhc).

 5. World Health Organization (WHO). Primary health care on the road to 
universal health coverage, 2019 global monitoring report. Geneva: World 
Health Organization; 2019.

 6. World Health Organization (WHO). Thirteenth general programme 
of work 2019−2023 Geneva: World Health Organization; 2018 
https:// www. who. int/ about/ what- we- do/ thirt eenth- gener al- progr 
amme- of- work- 2019--- 2023.

 7. WHO. Global strategy on human resources for health: Workforce 2030. 
Geneva: World Health Organization; 2016. http:// apps. who. int/ iris/ bitst 
ream/ 10665/ 250368/ 1/ 97892 41511 131- eng. pdf.

 8. Siankam Tankwanchi A, N’Simbo A, Hagopian A. Health worker unem-
ployment in LMICs with shortage: a policy brief prepared for the 2nd 
review of the relevance and effectiveness of the WHO Global Code of 
Practice on the International Recruitment of Health Personnel; 2019.

 9. Stenberg K, Hanssen O, Bertram M, Brindley C, Meshreky A, Barkley S, 
et al. Guide posts for investment in primary health care and projected 
resource needs in 67 low-income and middle-income countries: a mod-
elling study. Lancet Glob Health. 2019;7(11):e1500–10.

 10. Campbell J, Buchan J, Cometto G, David B, Dussault G, Fogstad H, 
et al. Human resources for health and universal health coverage: 
fostering equity and effective coverage. Bull World Health Organ. 
2013;91(11):853–63.

 11. Evans T, Araujo E, Herbst C, Pannenborg O. Transforming health workers’ 
education for universal health coverage: global challenges and recom-
mendations. World Health Popul. 2017;17(3):70–80.

 12. Cometto G, Buchan J, Dussault G. Developing the health workforce for 
universal health coverage. Bull World Health Organ. 2020;98(2):109–16.

 13. Pozo-Martin F, Nove A, Lopes SC, Campbell J, Buchan J, Dussault G, et al. 
Health workforce metrics pre- and post-2015: a stimulus to public policy 
and planning. Hum Resour Health. 2017;15(1):14.

 14. Costa C, Freitas Â, Stefanik I, Krafft T, Pilot E, Morrison J, et al. Evaluation 
of data availability on population health indicators at the regional level 
across the European Union. Popul Health Metrics. 2019;17(1):11.

 15. Mokdad AH, Mensah GA, Krish V, Glenn SD, Miller-Petrie MK, Lopez AD, 
et al. Global, regional, national, and subnational big data to inform health 
equity research: perspectives from the global burden of disease study 
2017. Ethn Dis. 2019;29(Suppl 1):159–72.

 16. Nomura S, Sakamoto H, Glenn S, Tsugawa Y, Abe SK, Rahman MM, et al. 
Population health and regional variations of disease burden in Japan, 
1990–2015: a systematic subnational analysis for the Global Burden of 
Disease Study 2015. Lancet (London, England). 2017;390(10101):1521–38.

 17. Burström B, Burström K, Nilsson G, Tomson G, Whitehead M, Winblad U. 
Equity aspects of the Primary Health Care Choice Reform in Sweden—a 
scoping review. Int J Equity Health. 2017;16(1):29.

 18. Laurant M, van der Biezen M, Wijers N, Watananirun K, Kontopantelis E, 
van Vught A. Nurses as substitutes for doctors in primary care. Cochrane 

Database Syst Rev. 2018. https:// doi. org/ 10. 1002/ 14651 858. CD001 271. 
pub3.

 19. Martinez-Gonzalez NA, Djalali S, Tandjung R, Huber-Geismann F, Markun 
S, Wensing M, et al. Substitution of physicians by nurses in primary care: a 
systematic review and meta-analysis. BMC Health Serv Res. 2014;14:214.

 20. Joshi R, Alim M, Kengne AP, Jan S, Maulik PK, Peiris D, et al. Task shifting 
for non-communicable disease management in low and middle income 
countries–a systematic review. PLoS ONE. 2014;9(8):e103754.

 21. Karimi-Shahanjarini A, Shakibazadeh E, Rashidian A, Hajimiri K, Glenton 
C, Noyes J, et al. Barriers and facilitators to the implementation of doctor-
nurse substitution strategies in primary care: a qualitative evidence 
synthesis. Cochrane Database Syst Rev. 2019;4(4):10412.

 22. Keleher H, Parker R, Abdulwadud O, Francis K. Systematic review of the 
effectiveness of primary care nursing. Int J Nurs Pract. 2009;15(1):16–24.

 23. Norful A, Martsolf G, de Jacq K, Poghosyan L. Utilization of registered 
nurses in primary care teams: a systematic review. Int J Nurs Stud. 
2017;74:15–23.

 24. Randall S, Crawford T, Currie J, River J, Betihavas V. Impact of commu-
nity based nurse-led clinics on patient outcomes, patient satisfaction, 
patient access and cost effectiveness: a systematic review. Int J Nurs Stud. 
2017;73:24–33.

 25. Tabesh M, Magliano DJ, Koye DN, Shaw JE. The effect of nurse prescribers 
on glycaemic control in type 2 diabetes: a systematic review and meta-
analysis. Int J Nurs Stud. 2018;78:37–43.

 26. van Erp R, van Doorn A, van den Brink G, Peters J, Laurant M, van Vught 
A. Physician assistants and nurse practitioners in primary care plus: a 
systematic review. Int J Integrated Care. 2021;21(1):6.

 27. Bryant-Lukosius D, Valaitis R, Martin-Misener R, Donald F, Peña L, Brous-
seau L. Advanced practice nursing: a strategy for achieving universal 
health coverage and Universal Access to Health. Rev Lat Am Enferma-
gem. 2017;25:e2826.

 28. Maier C, Barnes H, Aiken L, Busse R. Descriptive, cross-country analysis of 
the nurse practitioner workforce in six countries: size, growth, physician 
substitution potential. BMJ Open. 2016;6(9):e011901.

 29. Swan M, Ferguson S, Chang A, Larson E, Smaldone A. Quality of primary 
care by advanced practice nurses: a systematic review. Int J Qual Health 
Care. 2015;27(5):396–404.

 30. Christmals C, Armstrong S. The essence, opportunities and threats to 
Advanced Practice Nursing in Sub-Saharan Africa: a scoping review. 
Heliyon. 2019;5(10):e02531.

 31. WHO. State of the world’s nursing 2020: investing in education, jobs and 
leadership. Geneva: World Health Organization; 2020. https:// www. who. 
int/ publi catio ns/i/ item/ 97892 40003 279.

 32. Winkelmann J, Muench U, Maier CB. Time trends in the regional distribu-
tion of physicians, nurses and midwives in Europe. BMC Health Serv Res. 
2020;20(1):937.

 33. Ariste R. Availability of health workforce in urban and rural areas in rela-
tion to Canadian seniors. Int J Health Plann Manage. 2019;34(2):510–20.

 34. Young TK, Fedkina N, Chatwood S, Bjerregaard P. Comparing health care 
workforce in circumpolar regions: patterns, trends and challenges. Int J 
Circumpolar Health. 2018;77(1):1492825.

 35. WHO. National Health Workforce Accounts: a Handbook. Geneva: World 
Health Organization; 2017. http:// www. who. int/ hrh/ docum ents/ brief_ 
nhwa_ handb ook/ en/.

 36. Integrated Public Use Microdata Series, International: Version 7.3 [Inter-
net]. IPUMS. 2020. https:// doi. org/ 10. 18128/ D020. V7.2.

 37. United Nations - Department of Economic and Social Affairs - Population 
Division. World Population Prospects 2019, Online Edition2019. https:// 
popul ation. un. org/ wpp/.

 38. Global Health Observatory data repository [Internet]. World Health 
Organization. 2021. https:// apps. who. int/ gho/ data/ node. main.1? lang=e

 39. Kawachi I, Kennedy B. The relationship of income inequality to mortality: 
does the choice of indicator matter? Social Sci Med. 1997. https:// doi. org/ 
10. 1016/ s0277- 9536(97) 00044-0.

 40. Hastie T, Tibshirani R, Friedman J. The elements of statistical learning. 
2009:33.

 41. Sousa A, Scheffler RM, Nyoni J, Boerma T. A comprehensive health labour 
market framework for universal health coverage. Bull World Health Organ. 
2013;91(11):892–4.

 42. WHO. Retention of the health workforce in rural and remote areas: a 
systematic review. Geneva: World Health Organization; 2020.

https://www.who.int/news-room/fact-sheets/detail/universal-health-coverage-(uhc
https://www.who.int/news-room/fact-sheets/detail/universal-health-coverage-(uhc
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023
http://apps.who.int/iris/bitstream/10665/250368/1/9789241511131-eng.pdf
http://apps.who.int/iris/bitstream/10665/250368/1/9789241511131-eng.pdf
https://doi.org/10.1002/14651858.CD001271.pub3
https://doi.org/10.1002/14651858.CD001271.pub3
https://www.who.int/publications/i/item/9789240003279
https://www.who.int/publications/i/item/9789240003279
http://www.who.int/hrh/documents/brief_nhwa_handbook/en/
http://www.who.int/hrh/documents/brief_nhwa_handbook/en/
https://doi.org/10.18128/D020.V7.2
https://population.un.org/wpp/
https://population.un.org/wpp/
https://apps.who.int/gho/data/node.main.1?lang=e
https://doi.org/10.1016/s0277-9536(97)00044-0
https://doi.org/10.1016/s0277-9536(97)00044-0


Page 10 of 10Boniol et al. Human Resources for Health           (2022) 20:22 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 43. Ajuebor O, Boniol M, McIsaac M, Onyedike C, Akl E. Increasing access to 
health workers in rural and remote areas: what do stakeholders’ value and 
find feasible and acceptable? Hum Resour Health. 2020;18(1):77.

 44. WHO. WHO guideline on health workforce development, attraction, 
recruitment and retention in rural and remote areas: a summary. Geneva: 
World Health Organization; 2021.

 45. WHO. WHO guideline on health workforce development, attraction, 
recruitment and retention in rural and remote areas. Geneva: World 
Health Organization; 2021.

 46. Campbell J, Koca F. Financing and protection for the health and care 
workforce. Bull World Health Organ. 2021;99(1):2.

 47. WHO. Global strategic directions for nursing and midwifery 2021–2025. 
Geneva: World Health Organization; 2021.

 48. Lartey S, Cummings G, Profetto-McGrath J. Interventions that promote 
retention of experienced registered nurses in health care settings: a 
systematic review. J Nurs Manag. 2014;22(8):1027–41.

 49. Mbemba G, Gagnon MP, Pare G, Cote J. Interventions for supporting 
nurse retention in rural and remote areas: an umbrella review. Hum 
Resour Health. 2013;11:44.

 50. Twigg D, McCullough K. Nurse retention: a review of strategies to create 
and enhance positive practice environments in clinical settings. Int J Nurs 
Stud. 2014;51(1):85–92.

 51. Brook J, Aitken L, Webb R, MacLaren J, Salmon D. Characteristics of suc-
cessful interventions to reduce turnover and increase retention of early 
career nurses: a systematic review. Int J Nurs Stud. 2019;91:47–59.

 52. Steinke M, Rogers M, Lehwaldt D, Lamarche K. An examination of 
advanced practice nurses’ job satisfaction internationally. Int Nurs Rev. 
2018;65(2):162–72.

 53. Owens R. Nurse practitioner role transition and identity development 
in rural health care settings: a scoping review. Nurs Educ Perspect. 
2019;40(3):157–61.

 54. Owens R. Exploring family nurse practitioner professional identity 
formation at rural health care facilities. J Am Assoc Nurse Pract. 
2020;33(11):975–82.

 55. WHO, The World Bank. Tracking universal health coverage: 2021 Global 
Monitoring Report Geneva: WHO; 2021. https:// cdn. who. int/ media/ docs/ 
defau lt- source/ world- health- data- platf orm/ events/ track ing- unive rsal- 
health- cover age- 2021- global- monit oring- report_ uhc- day. pdf? sfvrsn= 
fd5c6 5c6_ 5& downl oad= true.

 56. Haazen DS, Rajoela VH. Sub-national analysis of systematic differences in 
health status and the access to and funding of health services: an exam-
ple from comoros. Nutrition and Population Discussion Paper: Health; 
2016.

 57. Wang Y, Li Y, Qin S, Kong Y, Yu X, Guo K, et al. The disequilibrium in the 
distribution of the primary health workforce among eight economic 
regions and between rural and urban areas in China. Int J Equity Health. 
2020;19(1):28.

 58. Erdenee O, Tumejargal A, Parchaa T, Yamazaki C, Koyama H. Distribu-
tion of midwives in Mongolia: a secondary data analysis. Midwifery. 
2020;86:102704.

 59. Karan A, Negandhi H, Hussain S, Zapata T, Mairembam D, De Graeve H, 
et al. Size, composition and distribution of health workforce in India: why, 
and where to invest? Hum Resour Health. 2021;19(1):39.

 60. The World Bank. Education and Labor Markets for Nurses. Challenges 
and Opportunities. 2020. https:// www. icn. ch/ sites/ defau lt/ files/ inline- 
files/ WBG_ ECSA% 5B12% 5D. pdf.

 61. United Nations. Expert Group Meeting on Statistical Methodology for 
Delineating Cities and Rural Areas: Conclusions and recommendations 
2019. https:// unsta ts. un. org/ unsd/ demog raphic- social/ meeti ngs/ 2019/ 
newyo rk- egm- statm eth/ con- rec. pdf.

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

https://cdn.who.int/media/docs/default-source/world-health-data-platform/events/tracking-universal-health-coverage-2021-global-monitoring-report_uhc-day.pdf?sfvrsn=fd5c65c6_5&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/events/tracking-universal-health-coverage-2021-global-monitoring-report_uhc-day.pdf?sfvrsn=fd5c65c6_5&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/events/tracking-universal-health-coverage-2021-global-monitoring-report_uhc-day.pdf?sfvrsn=fd5c65c6_5&download=true
https://cdn.who.int/media/docs/default-source/world-health-data-platform/events/tracking-universal-health-coverage-2021-global-monitoring-report_uhc-day.pdf?sfvrsn=fd5c65c6_5&download=true
https://www.icn.ch/sites/default/files/inline-files/WBG_ECSA%5B12%5D.pdf
https://www.icn.ch/sites/default/files/inline-files/WBG_ECSA%5B12%5D.pdf
https://unstats.un.org/unsd/demographic-social/meetings/2019/newyork-egm-statmeth/con-rec.pdf
https://unstats.un.org/unsd/demographic-social/meetings/2019/newyork-egm-statmeth/con-rec.pdf

	Inequal distribution of nursing personnel: a subnational analysis of the distribution of nurses across 58 countries
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical modelling

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


