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Measuring the availability of human resources for health
and its relationship to universal health coverage for

204 countries and territories from 1990 to 2019:

a systematic analysis for the Global Burden of Disease
Study 2019

GBD 2019 Human Resources for Health Collaborators*

Summary

Background Human resources for health (HRH) include a range of occupations that aim to promote or improve
human health. The UN Sustainable Development Goals (SDGs) and the WHO Health Workforce 2030 strategy have
drawn attention to the importance of HRH for achieving policy priorities such as universal health coverage (UHC).
Although previous research has found substantial global disparities in HRH, the absence of comparable cross-
national estimates of existing workforces has hindered efforts to quantify workforce requirements to meet health
system goals. We aimed to use comparable and standardised data sources to estimate HRH densities globally, and to
examine the relationship between a subset of HRH cadres and UHC effective coverage performance.

Methods Through the International Labour Organization and Global Health Data Exchange databases, we identified
1404 country-years of data from labour force surveys and 69 country-years of census data, with detailed microdata on
health-related employment. From the WHO National Health Workforce Accounts, we identified 2950 country-years
of data. We mapped data from all occupational coding systems to the International Standard Classification of
Occupations 1988 (ISCO-88), allowing for standardised estimation of densities for 16 categories of health workers
across the full time series. Using data from 1990 to 2019 for 196 of 204 countries and territories, covering seven
Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) super-regions and 21 regions, we applied
spatiotemporal Gaussian process regression (ST-GPR) to model HRH densities from 1990 to 2019 for all countries
and territories. We used stochastic frontier meta-regression to model the relationship between the UHC effective
coverage index and densities for the four categories of health workers enumerated in SDG indicator 3.c.1 pertaining
to HRH: physicians, nurses and midwives, dentistry personnel, and pharmaceutical personnel. We identified
minimum workforce density thresholds required to meet a specified target of 80 out of 100 on the UHC effective
coverage index, and quantified national shortages with respect to those minimum thresholds.

Findings We estimated that, in 2019, the world had 104-0 million (95% uncertainty interval 83-5-128.0) health
workers, including 12-8 million (9-7-16-6) physicians, 29-8 million (23-3-37-7) nurses and midwives, 4-6 million
(3-6-6-0) dentistry personnel, and 5- 2 million (4-0-6-7) pharmaceutical personnel. We calculated a global physician
density of 16-7 (12-6-21-6) per 10000 population, and a nurse and midwife density of 38-6 (30-1-48-8) per
10000 population. We found the GBD super-regions of sub-Saharan Africa, south Asia, and north Africa and
the Middle East had the lowest HRH densities. To reach 80 out of 100 on the UHC effective coverage index, we
estimated that, per 10000 population, at least 20-7 physicians, 70-6 nurses and midwives, 8-2 dentistry personnel,
and 9-4 pharmaceutical personnel would be needed. In total, the 2019 national health workforces fell short of these
minimum thresholds by 6 -4 million physicians, 30-6 million nurses and midwives, 3 -3 million dentistry personnel,
and 2-9 million pharmaceutical personnel.

Interpretation Considerable expansion of the world’s health workforce is needed to achieve high levels of UHC
effective coverage. The largest shortages are in low-income settings, highlighting the need for increased financing
and coordination to train, employ, and retain human resources in the health sector. Actual HRH shortages might be
larger than estimated because minimum thresholds for each cadre of health workers are benchmarked on health
systems that most efficiently translate human resources into UHC attainment.
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Research in context

Evidence before this study

Monitoring health worker densities and distribution is crucial
to health-systems analysis and planning at both national and
international levels. Much existing research has assessed the
size, composition, and efficacy of health-care workforces in
individual countries and regions. Although useful, the lack of
comparability of these studies impedes assessments of relative
health workforce levels across countries and territories. WHO's
Global Health Observatory compiles data on workforce
densities by professional cadre that are mostly obtained from
national statistical organisations and ministry of health
repositories. These sources do not report data for all years and
use a variety of data collection methods and standards, limiting
the comparability of data across locations over time. WHO has
issued two sets of minimum human resources for health (HRH)
thresholds. The 2006 World Health Report threshold of

228 skilled health workers per 10 000 population was based on
the mean level of physicians, nurses, and midwives observed
across countries achieving a skilled birth attendance of 80%. In
2016, WHO used Global Health Observatory data to produce an
updated threshold for the same aggregate cadres. This
threshold was based on skilled health worker densities in
countries with a median observed achievement on an index
composed of 12 indicators of the UN Sustainable Development
Goals (SDGs). Based on this method, WHO calculated

44-5 physicians, nurses, and midwives per 10 000 population as
a new minimum density threshold. WHO has also issued two
reports on nursing and midwifery, which include estimates of
the scale of the global shortage of nurses and midwives: the
State of the World’s Nursing 2020 report and the State of the
World’s Midwifery 2021 report.

Added value of this study

This analysis used standard methods and comparable data

to quantify densities for 16 HRH cadres in 204 countries

and territories for every year from 1990 to 2019. We then used
the time series of HRH densities and the universal health

Introduction

Human resources for health (HRH) are crucial to health-
system functioning," but previous studies have found
considerable differences in HRH densities across
countries.”™ The importance of addressing workforce
gaps is underscored by studies linking HRH to
population-level health outcomes™ and research
suggesting that investing in health workforces promotes
economic growth.” The COVID-19 pandemic has also
revealed the importance of health workers for an effective
pandemic response.” Health worker density and
distribution is indicator 3.c.1 of the UN Sustainable
Development Goals (SDGs), helping to track the
“recruitment, development, training, and retention of
health workforce[s]”.” Additionally, WHO has outlined
an ambitious agenda for expanding and improving the
quality of health workforces by 2030."

coverage (UHC) effective coverage index to calculate,

for the first time, health workforce minimum thresholds

for each of the four health worker cadres identified in SDG
indicator 3.c.1 and related shortages. These thresholds
represent the minimum levels of HRH required to achieve target
levels of UHC, if countries are efficient in translating human
resources into UHC attainment. This new threshold approach
is a compromise between the ongoing demand from policy
communities for standardised workforce benchmarks and

the reality that considerable variation in skill mix undermines
the utility of inflexible global targets. Rather than identify ideal
levels of HRH intended to pertain to all contexts, our density
thresholds specifically represent the minimum levels of human
resources needed to achieve a UHC performance goal of

80 out of 100 in UHC effective coverage. This reflects a high
performance level that still falls within the spectrum of
observed attainment among a diverse set of countries
examined, making the corresponding thresholds broadly useful
for health-system strengthening efforts. Furthermore, this
novel approach to estimating the frontier of UHC effective
coverage at a given level of HRH might also be useful in other
health-system performance or efficiency analyses.

Implications of all the available evidence

HRH densities and disparities are strongly related to
sociodemographic development. In 2019, 168 of 204 countries
and territories had workforce gaps in one or more of the

four cadres of HRH compared to what is needed to achieve

a UHC effective coverage score of 80 out of 100. This is likely
to be an underestimate of actual shortages given that the
threshold calculation assumes maximally efficient translation
of health workforces into UHC attainment, and there

is considerable variation in practice. Even with this potential
underestimation, expansion of health-care workforces is
needed in many locations to achieve improved UHC effective
coverage.

Despite this attention, comprehensive national health
workforce estimates based on comparable data and
standard methods are not available. Numerous studies of
health workforces have been done at the national, regional,
and subnational levels,”* but these do not present a
comprehensive assessment of all or most countries and
territories. WHO’s Global Health Observatory releases
workforce density data for various countries and cadres,
including physicians, nurses and midwives, dentists,
pharmacists, and other groupings.® Gaps in the data
and lack of standardisation across sources, however,
restrict the comparability of these numbers.”* The
Global Health Observatory acts as a repository and WHO
density numbers are based on an array of data sources
that might differ in their definitions of HRH cadres across
contexts. Additionally, many WHO sources are country
reports, which might not capture health workers employed
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in the private sector and might rely on payroll lists from
different providers that count the same health worker
more than once.”

Estimates of how many health workers are needed to
achieve health-system goals such as universal health
coverage (UHC) have been affected by these data
limitations as well as by other methodological choices.”
In 2006, WHO based minimum thresholds of skilled
health workers (physicians, nurses, and midwives)
on the mean workforce levels observed in countries
achieving a skilled birth attendance of 80%.° In 2016,
WHO adopted a new method that quantified
how many health workers are needed to achieve a
median performance on an SDG index composed of
12 tracer indicators.” WHO’s aggregate density
thresholds might not be sufficiently specific in that they
do not identify nursing and midwifery needs separately
from those of physicians, and they do not identify
additional cadres that might contribute to the
achievement of health outcomes. They also imply a
1:1 substitutability between health workers in different
cadres that might not always be accurate. Finally,
the WHO thresholds are estimated with respect to crude
coverage indicators that might not reflect health service
quality, and could pertain to factors beyond the direct
activities of health systems (eg, the prevalence of tobacco
smoking).*

The present study had two aims: to use comparable
and standardised data sources to estimate levels of HRH
for 16 health worker cadres across 204 countries and
territories for a complete time series from 1990 to 2019,
and to examine the relationship between a subset of
HRH cadres and UHC effective coverage performance.
Our study focused on the core cadres highlighted in
SDG indicator 3.c.1 metadata: physicians, nurses and
midwives, dentistry personnel, and pharmaceutical
personnel. Quantification of the densities and minimum
thresholds of HRH required for UHC effective coverage
allows us to estimate where there are health workforce
shortages that should be addressed.

This manuscript was produced as part of the Global
Burden of Diseases, Injuries, and Risk Factors Study
(GBD) Collaborator Network and in accordance with the
GBD Protocol.

Methods

Overview

The main steps of the estimation process are presented
below. Substantially more details and links to the codes
and sources are available in appendix 1 (section 3). Some
of these methods have been described in previous GBD
publications.”* Analyses were done with R (version 3.4.4),
Python (version 2.714), or Stata (version 13.1), and figures
were generated with R (version 3.4.4). This study fully
adheres to the Guidelines for Accurate and Transparent
Health Estimates Reporting (GATHER) statement.” This
study used the GBD 2019 location hierarchy covering
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seven GBD super-regions,” 21 regions, and 204 countries
and territories, along with corresponding estimates of
population sizes. The study estimated densities of
employed health workers in 16 HRH cadres for all of
these locations from 1990 to 2019 inclusive.

Data sources

Input data include data from WHO’s Global Health
Observatory and representative cross-sectional surveys
and censuses that asked working-age respondents
(defined as those aged 15-69 years) to self-report their
employment status and current occupation. Surveys and
censuses were restricted to those that coded responses to a
level of detail that matched the granularity of the
International Standard Classification of Occupations 1988
(ISCO-88) three-digit or four-digit codes. All survey and
census sources were identified through the Global Health
Data Exchange and International Labour Organization
databases, and extracted if individual-level survey
microdata were available. Most screened sources that
inquired about occupation did not code responses to the
level of detail required to identify health workers and were
therefore excluded. From the WHO National Health
Workforce Accounts,” 2950 country-years of data were
used, whereas 69 country-years of data from censuses and
1404 country-years of data from labour force participation
surveys done between 1990 and 2019 were used. These
sources provided data for 196 of the 204 countries and
territories for which we produced estimates (appendix 2,
figure S2) and covered locations that made up 99-9% of
the world’s population in 2019. The extracted indicators
were total employment levels and the proportion of
employed populations actively working in various
occupations. Additional details on definitions and typical
survey questions are included in appendix 1 (section 1).

Definition of human resources for health

We analysed cadres of health workers identified in SDG
indicator 3.c.1, as well as additional health worker
cadres. Our data sources categorised occupations using
a variety of coding systems, the most common of which
was the ISCO. The ISCO applies a standard framework
to classify occupations on the basis of skill level and
degree of specialisation.” Multiple versions of the ISCO
exist and differ in their structure and level of detail.
Although ISCO-08 was adopted more recently, ISCO-88
was the version used in the vast majority of included
sources, and especially those earlier in the time series
(1980-2008; see appendix 2, figure S3, for the uneven
distribution across labour force surveys and censuses).
We therefore defined our HRH categories using the
ISCO-88 hierarchy, to minimise the inaccuracies
inherent to converting across coding systems. After
identifying ISCO-88 codes related to health care and
consolidating similar occupations on that list, we were
left with 16 HRH cadres. We mapped the coding
systems of all included sources to our set of health-related

For the Global Health Data

Exchange see http://ghdx.
healthdata.org/

See Online for appendix 2

See Online for appendix 1
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occupations and split less-detailed codes as necessary
using sources with more granular data. Additional details
of this standardisation process are reported in appendix 1
(section 1).

The following are the 16 health worker cadres that we
were able to estimate: physicians; nurses and midwives;
dentists and dental assistants (dentistry personnel);
pharmacists and pharmaceutical assistants (pharma-
ceutical personnel); clinical officers, medical assistants,
and community health workers; medical imaging and
therapeutic equipment technicians; health-care aides and
ambulance workers; medical laboratory technicians;
dietitians and nutritionists; optometrists and opticians;
audiologists, speech therapists, and counsellors; physio-
therapists and prosthetic technicians; psychologists;
environmental health workers; home-based personal care
workers; and traditional and complementary practitioners.
It would have been preferable to further disaggregate some
of these groupings to help better resolve important policy
questions. For instance, community health workers play an
important role in the global health workforce, yet the most
granular ISCO-88 code for community health workers also
includes clinical officers and medical assistants, precluding
estimation of any of those individual positions.

Adjusting data

We adjusted the WHO data to address inconsistencies in
definitions, standards, and methods affecting lack of
comparability in this data source. We matched 2636 WHO
country-years of data across cadres with census or labour
force survey datapoints for physicians, nurses and
midwives, pharmacists, pharmacist technicians, dentists,
and dental assistants. For each cadre, we first tested
whether adjustments should be made using two separate
lasso regressions with different sets of covariates: location
indicators were included to test for location-specific
adjustments, and region and super-region indicators
were included to test for geographical adjustments to
apply in locations that did not have matched pairs. In
locations where we had matched pairs that were not
estimated as zero by the lasso regression, we used the
crosswalk package developed for GBD to estimate an
adjustment factor for each location.”®* In locations
where we did not have matched pairs, we used the
regional and super-region indicators not estimated as
zero in the lasso regression to adjust WHO data.
Because matched pairs remained sparse in many
locations and even in some super-regions, which
prompted concerns about over-fitting, we included a
Gaussian prior in our crosswalk model. Further
information about the models and adjustments are
available in appendix 1 (pp 18-29).

Modelling health worker densities

We used spatiotemporal Gaussian process regression
(ST-GPR) to estimate levels of HRH for missing
geographies and years. ST-GPR is a flexible three-stage

modelling approach used widely within GBD* that
draws strength across geography and time to produce
full time series estimates with uncertainty intervals from
data that are often unevenly distributed across space and
time. Briefly, the first stage of the model fits a linear
regression to the data with fixed effects on specified
covariates. The second stage smooths the residuals
between the regression fit and the data across time and
geography to generate a non-linear trend that better
follows available data in a location, region, and super-
region. The third stage uses that trend as a mean
function in a Gaussian process regression to account for
input data variance and to generate uncertainty in the
final estimates. The model leveraged available survey
and census data along with related covariates, including
Socio-demographic Index (SDI), total per capita health
expenditure, and estimates of the professional workforce,
to generate HRH densities by cadre and for all cadres
together, for all 204 countries and territories from 1990
to 2019. Rescaling factors were applied to all component
cadre results to ensure their consistency with estimates
of total HRH and employment. More details on
covariates and the strength and relevance of the ST-GPR
method for modelling HRH are included in appendix 1
(section 1, pp 27-29).

Uncertainty in modelled estimates was derived from
sampling uncertainty in the data and uncertainty from
the ST-GPR models themselves and was propagated
through all steps of the analysis. We produced 1000 draws
of health worker densities for every cadre, location,
and year, and calculated 95% uncertainty intervals
(Uls) using the 2-5th and 97-5th percentiles of the
corresponding distribution.

SDI and UHC effective coverage index

We related our estimates of health workforce densities to
two existing published indices capturing social and
economic development and aspects of health-system
performance.”* First, SDI reflects levels of development
through a composite indicator made up of a country’s or
territory’s lag distributed income per capita, its total
fertility rate among females younger than 25 years, and its
mean educational attainment in years of completed school
among females aged 15 years and older. Countries and
territories were grouped into quintiles according to their
2019 SDI levels. Second, the UHC effective coverage index
measures the use, quality, and efficacy of health service
provision.” The 23 indicators that comprise it capture a
range of essential health services delivered across the life
course, including interventions related to family planning,
maternal and neonatal care, vaccination, and treatment
for a variety of diseases including HIV, diabetes, and
cancers. Each indicator is weighted according to the
population health gains that the intervention could
theoretically deliver in a given location and year, based on
estimates of disease burden and intervention efficacy.
Finally, an overall measure between 0 and 100 is
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constructed for every location and year, as the weighted
average of all 23 indicators. Further details of the UHC
effective coverage index are included in appendix 1
(section 2).

Estimating the relationship between health worker
densities and UHC effective coverage

In order to establish global evidence-based minimum
thresholds for health worker densities, we used stochastic
frontier meta-regression (SFM),” an extension of
traditional stochastic frontier analysis,” to evaluate the
relationship between various human resource inputs and
the corresponding maximum expected UHC effective
coverage. More details of this statistical approach are
provided in appendix 1 (section 2). Briefly, we fit a
production frontier to the combination of HRH estimates
and corresponding values of UHC effective coverage. The
production frontiers capture how efficiently a location is
achieving a level of UHC effective coverage given its
current HRH density. Because we are interested in
examining the inputs of the production frontier, we also
analyse the minimum HRH densities needed to achieve a
given level of UHC effective coverage using the frontiers.
The frontier values were estimated with an assumed
distribution of efficiency across locations, as well as the
known measurement uncertainty in UHC effective
coverage. In this implementation of SFM, we used a
flexible spline to estimate the functional form of the
relationship between human resource densities and
maximum possible UHC effective coverage. The spline
was constrained to be monotonically increasing and
concave based on a-priori expectations that were
substantiated by preliminary analyses of modelled
estimates. We used generalised trimming methods for
systematic outlier detection, so that the most extreme
7-5% of observations were identified as outliers and
excluded as the frontier was constructed.”* The current
implementation of SFM does not provide uncertainty in
the fitted frontier, which precluded uncertainty estimation
in the thresholds and corresponding health-worker
shortages.

The cadres included in the frontier analyses were those
specified in SDG indicator 3.c.l: physicians, nursing and
midwifery  personnel, dentistry personnel, and
pharmaceutical personnel.” We therefore generated four
distinct production frontiers, each using all estimates for
the cadre being analysed, for all locations and years. We
determined minimum density thresholds for each health
worker cadre to achieve performance targets of 80 out of 100
and 90 out of 100 on the UHC effective coverage index. For
each performance target, we took the corresponding point
on the frontier curve to represent the minimum level of
HRH that would be required to obtain it.

Since the UHC effective coverage index measures
effective coverage of essential health services, countries
and territories should strive for the highest attainable
index performance. Because SFM is fit to historical data,
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however, the fitted frontiers of the present study cannot
estimate HRH needs for UHC effective coverage levels
beyond those observed between 1990 and 2019. Given the
small number of mostly high-income locations achieving
UHC effective coverage levels of 90 or more, we chose to
focus our discussion on the more stable and globally
representative thresholds derived from a UHC target of 80.

The SFM also provides estimates of the productive
efficiency of human resource use in generating UHC
effective coverage for each location. Locations closer to
the frontier are more efficient in this regard than
locations far from the frontier. The frontier for a
given HRH cadre is driven by locations that achieve a
relatively high UHC with relatively low densities of that
professional cadre.

Workforce thresholds for each of the specified
HRH cadres represent minimum requirements to meet
UHC effective coverage targets. It is important to note
that they do not necessarily reflect an ideal skill mix for
any given health system. Clearly, different locations
achieve UHC using different skill mixes, which are likely
to include allied health workers beyond the four cadres
considered in the SFM analysis. Moreover, achieving the
frontier level of UHC will also require additional
contextual factors to be in place, such as adequate total
health expenditure or the availability of medical
equipment and infrastructure.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or the
writing of the report.

Results

In 2019, the world had 104- 0 million (95% UI 83 -5-128-0)
employed health workers. This total included 12 - 8 million
(9-7-16-6) physicians, 29-8 million (23-3-37-7) nurses
and midwives, 4-6 million (3-6-6-0) dentistry personnel,
and 5-2 million (4-0-6-7) pharmaceutical personnel
(appendix 2, table S1). We discuss the two largest
HRH cadres here and provide additional details in
appendix 2 (table S1).

In 2019, the global density of physicians was 16-7
(95% UI 12-6-21-6) per 10000 population (table 1). There
was more than a ten-fold difference in median physician
densities between the lowest and highest SDI quintiles
(figure 1A). Across GBD super-regions, densities ranged
from 2-9 (2-1-4-0) per 10000 population in sub-Saharan
Africa to 38-3 (29-0—49-3) per 10000 population in central
Europe, eastern Europe, and central Asia (table 1).
Physician densities were 10-8 per 10000 or lower in sub-
Saharan Africa, south Asia, and north Africa and the
Middle East, whereas the remaining four GBD super-
regions had densities of 19-5 per 10000 or higher. Sizeable
differences existed not only across super-regions® in 2019,
but also within them (figure 2A). Whereas the region of
east Asia had a density of 26-5 (19-5-35-1) physicians per
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Physicians (95% Ul) Nursing and midwifery personnel (95% Ul) Other health workers (95% Ul)
Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
Global 10-4 16-7 2:0% 233 386 2:1% 377 791 31%
(77t013-7)  (12:6t021:6) (-0-9t05:6) (17-9t029:9) (30-1t048-8) (-0-7to55)  (30-9t0453)  (65-4t095-1) (0-2t0 6-6)
Central Europe, eastern 26-0 383 2:1% 452 735 1-8% 69-1 126-4 4-0%
Europe, and central Asia* (19-9to33-5) (29-0t049-3) (-0-3t03-1) (33-9t059-0) (55-8t094-9)  (-0-7t02.7) (58-3 to 81.5) (105-8t0 150-4) (1-3to5-1)
Central Asia 137 305 31% 47-6 96-8 2:3% 79 311 52%
(97t0187)  (217t041:6) (1-0to7-1) (34410647)  (712t0128:0)  (0-4t0 4-2) (7-0t0 9-0) (25-8 t0 37:0) (2:8t07-6)
Armenia 67 43-6 6-5% 37-8 837 2:8% 112 719 6:7%
(4710 9:5) (322t0572)  (49t08.0) (278t050:6)  (62:8t0107:5)  (1-4t04-2) (8-6t014-3) (565 to 89-0) (51t0 81)
Azerbaijan 14-4 44-6 3:9% 53-8 117-4 2-7% 99 533 6-4%
(102t0193) (31.0t061-4) (2:4t054) (38-3t0737) (83-6t0160-4) (13to41) (8-0t011.5) (447t0597) (49to07:9)
Georgia 189 49-8 33% 363 569 1.6% 23-9 623 3-4%
(131t026:0) (412t060:0) (21to47) (257t049:0)  (473t0685)  (03t02.9) (209t029:0)  (53-8t0697) (22t04-7)
Kazakhstan 21.0 42-6 2:4% 711 1081 1-4% 161 66-6 4-4%
(15:0t0283) (29:8t058:8)  (0:9t0 4-0) (513t096:5)  (797t01432) (-00t02:9)  (126t019:9)  (52-1to83-0) (2:9t0 6:0)
Kyrgyzstan 9-9 171 1-8% 394 56-4 12% 46 10-4 4-1%
(71t013-4)  (11-6t0241) (0-3t03-5) (281t0535)  (400t0764)  (-02t02:8)  (5:0to51) (9:7t010-1) (27t057)
Mongolia 171 34-4 2:4% 251 471 2:2% 12:0 49-3 49%
(11-8t022:8) (28:0t041:6) (11t03-8) (18-4t0337)  (39-0t0556)  (0-9t03-4) (108t013-6)  (43-6t058-9) (36t062)
Tajikistan 87 22-8 33% 24-9 50-9 2:5% 2.5 10-3 51%
(62t011:9)  (161t0313) (1-8t050) (181t0343)  (371t0692)  (0-9t03:9) (19t02-8) (10-0t0 10-7) (3-6t067)
Turkmenistan 11-4 30-6 3-4% 372 839 2-8% 2:8 27:6 5-5%
(78t015:9)  (20-6t0423) (15t051) (263t0496)  (580t01147)  (1-2t043) (2:6t03:0) (24-0t032-1) (39to7-1)
Uzbekistan 9.7 20-7 2:6% 435 117-6 35% 12 65 6-6%
(6-9t013-5)  (143t028-9) (1-0t04-0) (31-8t059-1) (87-0t0153-9)  (2-0to4-8) (0-2t03-5) (5-9t07-9) (5-1to 8-0)
Central Europe 158 222 1.9% 466 659 1.8% 551 127-6 3:5%
(120t020-3) (172t0281) (-03t04-8)  (36:9t0585)  (523t0817)  (-07to42)  (46:0t0647)  (107-6t01523)  (1-2t07-6)
Albania 93 19-0 2:5% 315 56-2 2:0% 12.9 51.2 5-:0%
(6-8t0125)  (150t0237) (11t037) (240t0413)  (458t069-0)  (0-8t03-2) (9-6 t016-5) (43-5t0 58-1) (38t063)
Bosnia and Herzegovina 34 12:0 43% 192 577 3-8% 71 383 7-2%
(230 4-8) (84t017.0) (2710 6.0) (137t025:9)  (417t0778)  (2-4t052) (56 0 8-9) (29-8t0 46-7) (58t087)
Bulgaria 207 36-8 2:0% 66-6 703 0-2% 658 1856 4.0%
(153t027:6) (26:2t049-8) (0-4t03'5) (50-8t086-4)  (512t0937)  (-13to15)  (50-9t080-9)  (1457t0237-8) (2:6t053)
Croatia 16-2 28-8 2:0% 43-4 931 2-7% 30-4 1027 4-4%
(121to 21-3) (23-8t0337) (0-8to3-1) (32:6t057:5) (79-3t0 108-3) (1-6t037) (24-6t037-3) (94-1t0113-1) (3:3to54)
Czech Republic 22:2 37-3 1-8% 91-6 1165 0-8% 62-0 162-9 33%
(177t0272)  (31-2t043:9) (0-8t027) (77-0t0107-6)  (99-2t01342)  (0-1to1-6) (53-0t0 72:0) (1477t0182:4)  (2:5t0 4-1)
Hungary 15.0 17-0 0-4% 591 557 -0-2% 851 133-0 1-5%
(11.9t0187) (13-9t020-5) (-0-6to1.4) (48-0t071-8) (46510 65-3) (-11t0 0-7) (73-2t0 97-0) (117-9to 1471)  (0-6t02-4)
Montenegro 117 186 1-6% 495 711 1-3% 26-8 83.9 2:5%
(7-8t016:8)  (13-5t0256) (-01t033)  (340t066-4)  (507t094-8)  (-03t02-8)  (22:5t033-8)  (653t0111.9)  (0-9t03-9)
North Macedonia 10-8 19-3 2:0% 253 49-4 2:3% 203 720 4-3%
(7-5t014-7) (13-1t026-8)  (0-4t03-6) (17-8t034-5) (35-6 to 67-3) (0-8t03-8) (16:9t0 24-5) (54-3to 95-0) (27t05-8)
Poland 173 202 0-5% 49-6 55-8 0-4% 517 131.0 32%
(13-1t0223) (146t0273) (-0-8t01.9) (39:4t0 61-9) (41-0to 73-0) (-0-8t01-7) (42710 63-1) (103-2t0 167-4) (1-9to 4-4)
Romania 16-1 17-4 0-3% 19-6 44-0 2-8% 76:9 1337 2:0%
(128t0201) (148t0202) (-07to12)  (151t0254)  (37-5t0513) (1-8t03-9) (665t0873)  (1207t0149-4)  (1-2t02:8)
Serbia 7-6 12:6 17% 257 581 2-8% 20-4 563 3-6%
(51t010-8)  (87t0172)  (0-2t03-4) (18-0t0354)  (422t0772) (1410 4-4) (15710 23.9) (45-0t0 69.0) (22t051)
Slovakia 181 320 2:0% 779 116-3 1-4% 575 1752 37%
(135t0241) (267t037:9) (0-8t03-1) (62:0t0983)  (99-9t01353)  (0-4t0 2-4) (460t0632)  (159-0t0190-9)  (2-8t0 4-6)
Slovenia 95 253 3:4% 552 118-0 2-6% 64-6 1471 2:9%
(72t012:4) (191t032-2) (2-:0to47) (43-8t0 685) (941t0148-0)  (1-5t03-7) (52-8t0 76-6) (119-2t0174-7)  (1-9t03:9)
Eastern Europe 354 50-6 13% 43-6 672 0-9% 953 1682 3:5%

(27-4t0452) (38-8t0642) (-05t03-6)  (321to576)  (50-9t087-4)  (-0-9t031)  (80-6t01127)  (140-4t0199-9) (1-2to6:1)

(Table 1 continues on next page)
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Articles

Physicians (95% Ul) Nursing and midwifery personnel (95% Ul) Other health workers (95% Ul)
Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Belarus 213 437 2:5% 531 106-1 2:4% 312 150-2 4-6%
(152t029-3) (31-8t0588)  (0-9to 4-1) (384t0722)  (790t0140-9)  (0-9t03-8) (250t039:0)  (1258t0181.9) (31to6-1)
Estonia 27-4 279 0-1% 67-9 667 -0-0% 766 143-4 2:5%
(209t0354) (227t0335) (-10to11)  (531t0856)  (552t0807)  (-11t01.0)  (643t089-4)  (126:5t01593) (1-6t03-5)
Latvia 277 324 0-6% 729 665 -0-3% 496 1298 3-5%
(216t034-8) (267t0389) (-0-5t016)  (584t090-4)  (554t078:8)  (-12t00:6)  (41-1to57-1) (1173t01417)  (2-6t045)
Lithuania 283 426 1-4% 225 26-8 0-6% 653 201-8 41%
(212t036:8) (357t050-4)  (0-3t02-6) (167t029:6)  (207t0329)  (-0-6t01.9)  (554t077-6)  (180-8t02242) (3-1t05-0)
Moldova 115 240 2-5% 280 382 11% 10-7 46-4 53%
(81t015-8)  (16:6t0335) (1-0to4-1) (19-8t038:4)  (26:8t0527)  (-03t025)  (9-2t014-0) (35:9t0 547) (3-8t067)
Russia 427 584 11% 318 523 17% 1167 1839 1-8%
(337t053:5) (454t0732) (-0-1to02-2) (24-0t0 41.5) (40-1t0 67-7) (0-4t0 3-0) (100-3t0137-3)  (153-7t0216-8)  (0-8t02-8)
Ukraine 20-3 303 1-4% 763 113-5 1-4% 59-0 130-4 2:4%
(141t0283) (213t041.0) (-01t03:0)  (542t01021)  (843t0148:3) (0-0t02-8) (455t071-2) (1071t0162:0)  (1.0t03-9)
High income* 222 334 1-5% 797 1149 1-4% 128-0 2439 2:6%
(17-4-281) (26:9t041.0) (-0-8t02-4) (63:5t099-0) (947t01377) (-0-8t02-4) (107-7t0150-9) (210-1t0280-8) (0-3t03-5)
Australasia 318 41-6 1.0% 1759 1523 -0-2% 1243 2591 2:5%
(24610405) (30-7t054-4) (-03t02-4)  (1427t0210-6) (1163t0195:9) (-17to1-4)  (113-9t0136:6) (2177t0299-8) (1-3t03-6)
Australia 32:6 419 0-9% 1831 151-6 -0-6% 1223 241-6 27%
(252t0413) (31-:0t054-8) (-03t022)  (1493t0217:6) (116:3t0195:0) (-1-8t00-5)  (1137t01323) (2051t02751)  (1-6t03-8)
New Zealand 282 396 1-2% 140-4 155-9 0-4% 134-6 354-9 2:2%
(213t036:8) (29-5t0521) (-02t02:5)  (110-6t0176:0) (116:0t0200-8) (-0-9to16)  (114-8t0157-6) (286:6t0434-5) (1-1t03-4)
High-income Asia Pacific 12-0 21-4 2:3% 62-9 98.9 2:5% 96-2 202-8 3:9%
(8:5t0167)  (162t0277) (0-4t043) (451t0859)  (78:0t01241)  (0-4t05:0) (761t0122:2)  (166:-4t0240-0) (1:3t0 6.5)
Brunei 103 17-2 1-8% 44-7 762 1-8% 70-8 1483 2:3%
(70t014-8)  (121t023-9)  (0-2t03-3) (311t061.9)  (54-4t0102:7)  (0-4t03-4) (555t090-0)  (1101t0197-4)  (0-8t03-7)
Japan 139 235 1.9% 80.0 119-2 1-4% 1209 2309 2:9%
(99t019-4)  (17-8t0301) (0-3t03:3) (57-4t0109-4)  (947t0148-8)  (-0-1t02-8) (95-9t0152:9)  (190-5t0270-5)  (1-6t04-2)
Singapore 113 24-3 2:6% 316 779 31% 699 255-8 4-9%
(76t0156)  (167t0333) (1-0t04-3) (217t043:9)  (553t0104-8) (1-5t04-7) (545t089-9)  (195-8t03332)  (3-5t0 6-4)
South Korea 64 16-2 32% 16-4 52:6 40% 282 130-3 5-4%
(4-5t0 9-0) (122t0215)  (17t04-8) (11-810223) (407t067-4)  (2-5t05-5) (21-5t037-2) (105-9t01575)  (4-1t0 6-8)
High-income North 220 297 1-0% 90:6 125.0 0-8% 158-0 280-4 2:1%
America (162t0292) (229t037-9) (-0-7to2:4)  (68-8t0116:7) (100-6t0152:7) (-0-6t022)  (127-4t0190-3) (2345t03315) (0-6t03-6)
Canada 364 52:0 1-2% 1224 1415 0-5% 1322 336-9 2-8%
(27-9t047-6) (38:6t068-7) (-0-1t02-5) (96:6t0150-0)  (108-2t0180-2) (-0-7t01-6) (110-9t0 152:6)  (268-1t0421:3)  (1-7t03:9)
Greenland 21.8 265 0-6% 718 891 0-7% 615 1305 2:0%
(144t031-:0) (177t037:9) (-10t023)  (50-1t01015)  (61-8t01232) (-0-8t024)  (47-5to741) (1003t0162:6)  (0-6t03-4)
USA 20-5 27-2 1.0% 872 1232 12% 160-8 2742 1-6%
(149t0272) (212t0345) (-03t023)  (659t01131)  (99-8t01497) (0-1t02-4) (1291t0194-4)  (2307t0321-6)  (0-5t02:6)
Southern Latin America 251 334 1.6% 15.0 374 3:0% 740 155.7 3:4%
(18-4t0342) (257t042:8) (-03t037)  (11.0t0200)  (302t0463)  (11to51) (585t0 95-1) (131.0t0187:3)  (0-8t0 4-5)
Argentina 30-4 375 0-7% 121 232 2:2% 894 1672 1-8%
(216t0424) (27-8t049:5) (-0-8t02:3)  (81t017:3) (16:7t0317) (06t04-0)  (680t01191)  (1354t02087)  (0-4t03-2)
Chile 11-4 175 1-4% 180 66-2 4-5% 372 1230 41%
(96t0133)  (14-8t0205) (0-7t02:3) (15-0t0 21-1) (57-7t0759) (3-7t053) (35610 38-8) (113-8t0133-4)  (3-5t047)
Uruguay 280 642 2:9% 332 719 27% 673 1772 3-4%
(213t036:3)  (56:4t072:6) (1-9t03-9) (243t0442)  (632t081:6)  (1-6t03-8) (554t079:5)  (163-8t01932)  (2:5t04-3)
Western Europe 26-1 41-0 1-5% 827 1225 1-2% 127-6 2435 2-5%
(21-8t031-:0) (347t0481) (-0-9t04-8) (70-5t0 96-3) (105-4to1411)  (-0-7t03'5) (113-6t0143-1)  (2202t0268-9) (0-1to57)
Andorra 335 40-9 0-7% 46-3 643 11% 319-4 4889 12%
(229t0468) (281t057:6) (-11t023)  (321t064-4)  (436t0888)  (-06t027)  (244-0t0411:9) (370-7t0624-0) (-0-2t02-5)
Austria 26-6 456 1.9% 64-8 109-8 1-8% 103-0 2313 2:9%
(219t032:0) (387t052:8) (1-0t02-8) (53-4t077-6)  (937t0126-9)  (0-9t02:6) (928t01157)  (213-6102487) (22t03-6)
(Table 1 continues on next page)

www.thelancet.com Vol 399 June 4,2022

2135




Articles

Physicians (95% Ul)

Nursing and midwifery personnel (95% Ul)

Other health workers (95% Ul)

Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Belgium 266 327 0-7% 985 1347 11% 85-9 204-9 2:9%
(224t031:0) (27-8t0377) (-0-0to15)  (85-8t0111-9) (118:3t01542) (0-4t01-8) (814t091.9)  (193-4t02172) (23t035)
Cyprus 213 321 1-4% 327 643 2:4% 42-8 107-6 32%
(162t0282) (26:4t0385) (0-3t025) (250t042:4)  (537t075-6) (12t03-4) (36-4t049:0)  (96:5t0118:5)  (2-2t04-1)
Denmark 332 40-8 0-7% 119-5 1270 0-2% 413-2 509-4 0-8%
(26-6t0407) (327t0502) (-03to1.8)  (96:4t0144-9) (100-9t0158:9) (-0-9t012)  (358-6t0470-4) (4371t05963) (0-0t0o17)
Finland 347 32:4 -0-3% 182:0 150-8 -0-6% 2356 3309 1-4%
(273t0444) (265t0392) (-13t009)  (146:0t0224:0) (1280t0176:7) (-15t003)  (2058t0272:5) (2954t0363-6) (0-6t02-2)
France 319 24-8 -0-9% 72-2 877 0-7% 1785 2240 0-9%
(267t0377) (204t029:8) (-1-8t00:0)  (59-8t086-2)  (73-5t01036) (-02t0o15)  (156-6t0199-4) (201-0t02537) (0-2t0o17)
Germany 30-0 46-9 1.5% 95-0 1761 2:1% 1317 265-8 2:3%
(262t0342) (41:0t0534) (0-9t02-2) (83-9t0106:7)  (155-6t0196-3) (1.5t027) (120-0t0144-5)  (244-4t0290-9) (1-8t02:8)
Greece 366 47-8 0-9% 217 491 2-8% 44-6 67-0 17%
(30-8t0437) (40-6t055:9) (0-1t0o17) (178t0262)  (41.9t0572)  (2:0t037) (39:0t050-3)  (59-8t074-3) (0-9t02:4)
Iceland 289 42-2 13% 1534 173:0 0-4% 154-2 317-6 2:-4%
(227t036:8) (34-8t050-4) (0-2t02-4) (1243t0186:8) (1471t02050) (-0-5t013)  (1343t01751) (284-9t03502) (15t03-2)
Ireland 6-1 253 4-9% 797 1477 21% 44-4 2132 5-8%
(47t07-8) (20.9t0303) (3-8t06:0) (66-0t0 955) (123:4t0172-3) (1-3t02-9) (36-0t0 51:6) (189-4t0244-8) (4910 6:6)
Israel 317 423 1.0% 44-8 62-8 12% 94-9 245-4 33%
(242t0407) (329t052:8) (-03to2:2)  (338t0591)  (483t079-0)  (-01to2:5)  (77-8t0112:8)  (205-8t0289-7) (2210 4-5)
Italy 285 53.0 2:1% 52.8 930 1.9% 567 1364 3-0%
(227t034:9) (439t0631) (12t031) (42110 64:3) (78:910109-9)  (11t03-0) (5140 653) (1184t0154:6)  (21t03-9)
Luxembourg 179 34-8 23% 49-6 851 1.9% 780 204-6 3-4%
(141t022:8) (281t042:6) (12t03-4) (397t062:3)  (70-0t0103:6)  (0-9t02:9) (649t0915)  (178:9t0229:9)  (2:5t04-3)
Malta 229 282 0-7% 483 105-3 2:7% 543 1613 3:9%
(159t032:6) (20:0t039-1) (-0-8t024)  (332t0681)  (772t0142:5)  (12t04-2) (41-8t069:0)  (120-6t02035)  (2:5t05-4)
Monaco 249 51-2 2:5% 142-8 165-2 0-5% 1331 1931 0-9%
(167t035:0) (371t069:5)  (1-0to4-1) (1045t01945) (119-9t02201) (-0-9t01-9)  (102:0t01702) (151-9t0250:0)  (-0-4t02-2)
Netherlands 191 44-8 3-:0% 1471 193-8 1-0% 205-2 3245 1-8%
(155t023:6) (37-5t053-4) (2:0t03:8) (122:4t0172-4) (163:7t0226:9) (0-1to17) (184-5t0231:6) (301-3t0350-3) (1-0to2:5)
Norway 264 367 11% 166-8 211-0 0-8% 3292 471-8 13%
(204t0336) (30-1t0440) (0-1t02-2) (131-9t02047) (179-8t0246:7) (-01to18)  (279-6t03861) (4171t0526:5)  (0-5t02-1)
Portugal 138 363 33% 347 74-9 2:7% 52:4 1806 42%
(109t017:1)  (297t044.0) (2:3to4-4) (27-8t0437) (62:3t089:3) (1-6t03-6) (45-9t0 60-3) (1603t02042)  (33t05:2)
San Marino 361 56-0 1-5% 1113 132:9 0-6% 149-0 2802 1-8%
(251t0497) (39:6t076:6) (0-0t03-1) (76-8t0152:3)  (94-4t01793)  (-0-9t022)  (121-8t0189-5) (220-6t0356-8) (0-5t03-2)
Spain 194 46-0 3:0% 338 86-0 3:2% 523 180-6 43%
(16:0t0230) (38:9t053:0) (2:2t03-8) (282t0401)  (72:6t0100-0)  (2:3t0 4-1) (452t059:5)  (163-9t0196:6) (3-6t051)
Sweden 323 379 0-6% 1399 1489 0-2% 5613 526-2 0-3%
(253t0408) (31.9t0447) (-0-4tol5)  (113-5t01712) (1287t0173:5) (-0-6to11)  (473-8t06603) (472:5t05754) (-0-4t01-1)
Switzerland 337 64-2 2:2% 127-8 1630 0-8% 1639 3449 2:5%
(281t0401) (551t074:6)  (1-4t03-0) (1105t0147-3)  (142:0t01867) (0-2t0 1-6) (1486t01787) (3145t0369-3) (1.9t03-2)
UK 16-8 351 2:5% 113-8 130-5 0-5% 1019 300-1 3-4%
(145t0193) (30-0t0411) (1-8t03-3) (1023t0127-4) (113-7t0148-3) (-0-1t01-0) (941t0109-5)  (274-3t0325-8)  (2:9t03:9)
Latin America and 111 195 2-4% 17-0 44-3 2:3% 339 816 3-4%
Caribbean* (7-9-15-0) (14-6t0255) (-0-6t037) (123t0231)  (34-5t055:9) (-0-9t03-4) (26:9t0423) (67-6t098-2)  (1-0t0o4-2)
Andean Latin America 14-6 20-4 13% 140 329 31% 202 559 3-6%
(10-4t0195) (157t026-4) (-0-5t046)  (9:9t018.9) (257t0421)  (0-8t051) (16110 253) (46-4t0 65-4) (1-8t05-2)
Bolivia 6-9 213 39% 111 395 4-4% 13-0 512 47%
(5410 8-6) (187t024-3)  (3-0t04-8) (8:9t013-8) (346t0446)  (3-5t052) (11-5t0 14-0) (48-2t054-2) (3-9t0 5:4)
Ecuador 145 19:6 11% 152 240 1-6% 15-2 486 3:3%
(108t018:9) (166t022.9) (-01t022)  (112t019:9)  (20-7t0276)  (0-5t027) (124t019-0)  (44-5t053-4) (22t0 4-4)
Peru 16.9 205 07% 14-4 353 31% 247 613 2.9%
(117t023:0) (142t028-9) (-0-9t023)  (9-6t019-9) (251t0486)  (1-5t04-8) (19:2t0 31:5) (4670 75:5) (1-5t0 4-4)

(Table 1 continues on next page)

2136

www.thelancet.com Vol 399 June 4,2022




Articles

Physicians (95% UI) Nursing and midwifery personnel (95% Ul) Other health workers (95% Ul)
Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Caribbean 132 292 31% 271 40-6 1-9% 334 965 3:4%
(95t017-6)  (212t0381) (-10t07:5)  (19-4t036-4)  (29-6t053:8)  (-09t050) (267t0408)  (729t01235)  (1-1to5-4)
Antigua and Barbuda 2:6 222 7-4% 305 585 2:2% 57-0 1279 2:3%
(1-8t03-8) (15-1t0 31-0) (5-7t09-0) (21-0t0 42-2) (41-6t0 81-2) (0-7t03:8) (44-2t076:6) (99-7t0 159:5) (0:9t03-7)
The Bahamas 79 227 3-6% 34-2 577 1-8% 86-0 3136 4-0%
(53t0111)  (156t031-8) (2:0t053) (241t0476)  (402t0775)  (0-2t03-4) (66:3t0109-9)  (2333t04055) (26 t05-4)
Barbados 8.8 231 3:3% 43-2 413 -0-2% 605 1695 3:4%
(6:0t0122)  (157t0332) (17t050) (30-6t0585)  (289t0585)  (-17t015)  (457t076-8)  (128:0t0216-8) (21t04-8)
Belize 54 101 2:1% 88 233 3-4% 159 58.8 4-4%
(3:6t07-8) (6-8t014:3)  (0-6t0 4-0) (6-0t012:8) (16-1t032:1) (17t052) (12310 20-5) (461t0 76-1) (2:9t0 6:0)
Bermuda 17-6 30-8 2:0% 741 96-0 0:9% 1479 4391 35%
(121t024-8)  (20-7t042:6) (0-3t03-5) (512t01015)  (66:9t01335) (-0-7t0o2:5)  (112:0t0189-6) (331-6t0557-4)  (2-2t0 4-9)
Cuba 29-4 84-4 3-6% 54-0 104-6 2:3% 424 1774 4-4%
(217t0384) (62:8t0107-6) (2:2t05-0) (39-4t070-8) (78-4t0 135:5) (0:9t037) (35-5t049-2) (132:5t0227-8) (3-2t0 5:9)
Dominica 35 77 2:7% 26-8 565 2:6% 190 522 33%
(2:4t051) (52t0107) (1-0to 4-4) (18-8t0377) (40-6 to 77-0) (11to 4-1) (14-7t023-2) (39-8t0 68-2) (1-8t0 4-9)
Dominican Republic 8.6 221 33% 12:6 193 1-4% 19-6 813 4-9%
(6-0t011-9)  (152t0301)  (1-6t04-9) (8:5t017-6) (135t0262)  (-01t032)  (16:0t0247)  (63-4t01023)  (3-4t06-2)
Grenada 25 9-6 4-6% 19-6 53:0 3-4% 225 70-1 3:7%
(17t03-6) (6:4t013-6) (2:9t0 6-3) (13-9t0 27-0) (37-1t0 72:6) (1.9t0 5-0) (17-1t028-2) (55-8 to 89-0) (2-1to51)
Guyana 34 82 31% 14-4 14-7 01% 170 51-0 36%
(22t0 4-8) (56t011:6)  (13t047) (9-9t020-2) (10-0t0203)  (-15tol15)  (131t022-2) (38910 65-2) (22050
Haiti 27 21 -0-9% 2:4 93 47% 107 175 17%
(1-8t03-8) (14 t0 2:9) (-27t00-8)  (1:6t035) (6:5t013-0) (3:0t0 6:5) (7-9t013-4) (12710 22:3) (01t033)
Jamaica 54 79 1-3% 14-8 237 1-6% 41-0 105-2 2-8%
(3-6t07-6) (52t0114)  (-03t02:9)  (10-1t020:9)  (15-8t033-1) (-01t032)  (321to51-9) (812t0141-:0)  (1-4t04-2)
Puerto Rico 95 153 1.7% 405 47-3 0-5% 721 1697 2:6%
(65t0137)  (105t0214) (-01t032)  (283t0559)  (32:8t0655)  (-1-:0to21)  (54-6t0897)  (1273t0214:6) (11t03-9)
Saint Kitts and Nevis 49 21.0 51% 529 57-0 0-3% 41-6 1581 4-2%
(33t06:9)  (146t0296) (33t06:6)  (383t0705)  (389t0789)  (13tol7)  (32:0to557)  (119-8t01992) (27t0o5-6)
Saint Lucia 31 131 4-9% 18-8 373 2:4% 320 90-9 3:4%
(2110 4-4) (8:9t0183)  (3-2t06:6) (131t026:0)  (26:4t051-6)  (0-8t04-0)  (245t0431)  (697t01152)  (1.9t04-8)
Saint Vincent and the 40 52 0-9% 213 60-2 3:6% 152 324 2:4%
Grenadines (2:7t057) (3-4t07-3) (-0-9t0 2'5) (14-9t029:7) (42:9t0 817) (2:0to5-1) (122t019-2) (25-0to 40-8) (0-8t03:9)
Suriname 73 20-6 3-6% 303 55-6 2:1% 683 112-7 2:4%
(50t010-2)  (151t027-4) (22t052) (209t042:1)  (402t072:8)  (0-6t03:6) (521t089-4)  (945t01385)  (11t037)
Trinidad and Tobago 4-4 187 4-9% 145 272 2:2% 335 1010 4-0%
(32t0 6:1) (135t025:6)  (3-5t0 6:6) (108t0193)  (19-8t036:6)  (0-7t03-6) (26-4t0401)  (732t0133:0)  (2-8t053)
Virgin Islands 120 20-7 1.9% 49-9 61-0 0-7% 94-6 2487 3:3%
(80t017:0)  (141t0297) (0-2t03-6) (343t070-9)  (414t084-9)  (-09t02:3)  (72.8t01215)  (1902t0312:0) (1.9t047)
Central Latin America 12:8 235 1.8% 173 407 2-8% 336 795 3-4%
(90t017:5)  (173t031:4) (0-0t03-8) (125t0235)  (309t052:5)  (-13t056)  (26:5t0422)  (63-4t0987) (0-6t05-8)
Colombia 15-4 259 1-8% 107 26-4 31% 35-0 79-0 2:4%
(10-8t0212) (183t0362) (0-2t03-4) (7:5t015-1) (19-0t0 36'5) (1-5t04-7) (26-5t0 43-9) (60-8t0 104-6) (0-9t03:9)
Costa Rica 14-4 187 0-9% 123 35.8 37% 365 73-0 2:-5%
(103t019-1)  (13-8t024:3) (-0-6t02:4)  (8:6t017-2) (26:9t046-4)  (21t053) (302t0437)  (59-6t090-5) (12t03-9)
El Salvador 95 157 1.7% 105 233 2-8% 9-8 354 4-2%
(7:7t011.6) (129t018-8) (0-8t027) (8-6t012:7) (19-7t0 27-6) (1-8t037) (8:8t0107) (31.0t039:5) (3-2t0 5:0)
Guatemala 109 20-6 22% 40 35 -0-5% 132 45-8 4-0%
(7-8t015:0)  (14-4t028:6) (0-7t037) (27t057) (2:3t05:0) (-2:41t01-2) (97t017-4) (347t059:8) (2-5t055)
Honduras 36 84 2:9% 103 184 2:0% 4.5 221 51%
(25t052) (59t0117)  (1-2t045) (7-4t013-8) (130t025:0)  (0-5t03-4) (39t05:3) (17-4t0 27-1) (3610 6:5)
Mexico 129 266 2:5% 211 577 3-5% 40-2 102-2 2:6%
(89t0177)  (20-0t034-8) (1-0to4-0) (151t028:6)  (446t072:6)  (2:0t04-9) (31-8t051-2) (827t0124-4)  (13t03-9)
(Table 1 continues on next page)
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Nursing and midwifery personnel (95% Ul)

Other health workers (95% Ul)

Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Nicaragua 70 10-2 13% 55 235 5-0% 99 323 4-2%
(51t09-2) (73t0143)  (-01t02:8)  (3:9t07:5) (16:9t0319)  (3:5t06:6) (8-2t011-8) (24-8 t0 40-5) (2:9t05-6)
Panama 11-8 195 1-8% 23:6 54-0 2:9% 294 87-6 3-8%
(87t0154)  (137t0265)  (0-3t03-2) (17-6to 31.5) (39:5t0 71:5) (15t04-2) (23-9t035-2) (67-5t0113-9)  (2-4t051)
Venezuela 13-2 18-8 12% 235 279 0-6% 289 412 1-1%
(96t017-9)  (132t0256) (-0-4t02:8)  (171t031-2) (200t038:4)  (-10t022)  (23-1to341) (326 t0 49-8) (-03t02:7)
Tropical Latin America 79 12.8 2:3% 151 52:2 27% 378 881 3:2%
(56t010-5)  (10-0t015-9)  (0-5to 4-5) (110t020-6)  (42:0t0641)  (-07to54)  (30-1to47-1) (7720 101-7) (1-6t052)
Brazil 80 127 1-6% 151 533 4-4% 383 889 2:6%
(56t0105)  (9:9t0157)  (0-3t03-0) (111t0206)  (430t0655)  (3-0t057) (30-5t0 47-7) (780t01023)  (1-4t03-8)
Paraguay 67 16-8 32% 137 16-3 0-6% 183 645 4-0%
(4-8t09-2) (120t022:4)  (1-4t047) (9-9t018-2) (11-51022-2) (-10t022)  (147t0231) (51-2to 81.9) (25t054)
North Africa and Middle 4-4 10-8 2:7% 9-6 25.8 3-0% 6.7 305 4-0%
East* (3-0t0 6-0) (8-0to014-3) (0-7to5-5) (6-8to13-1) (19-6 to 33-5) (-0-3to 5-5) (5-5t0 8-3) (24-7t037-1) (1-9to 6-9)
Afghanistan 19 3-8 2:4% 49 45 -0-3% 19 4.8 2:6%
(13t027) (26t053) (0-8t0 41) (3:5t0 6-9) (31t063) ((19t013)  (1-4t024) (4110 6-0) (11to 41)
Algeria 4-2 138 41% 91 21.8 3:0% 2:8 216 4-9%
(2:8t05-8) (96t019:5)  (25t058) (6:5t012:6) (15-2t0 30-5) (1410 4-6) (22t033) (16-6 10 267) (33t0 6-4)
Bahrain 105 17-6 1-8% 347 584 1-8% 295 114-7 4-4%
(72t014-8)  (12:6t023:6) (0-2t03-3) (23-6t047:0)  (424t0789)  (0-4t033) (232t037-2) (86:8t0146:6)  (3-1t06:0)
Egypt 6-1 10-8 2:0% 131 25.8 2:4% 94 254 3-8%
(4310 8-4) (89t012:8)  (0-8t03-4) (9-6t017.7) (21:9t030-1) (12t03-6) (7-8t011-1) (24110 273) (2:6t05:0)
Iran 31 12:2 47% 6-9 271 4-8% 55 297 5:4%
(22t0 43) (92t015:9)  (3-1t06:3) (51t0 9-4) (205t0344)  (32t06-2) (4410 6-8) (24-2t037-1) (3-9t0 6:9)
Iraq 29 63 27% 6-2 191 3:9% 73 235 4-9%
(2:0t0 4-0) (4710 8-4) (11t0 4-2) (4-41083) (147t0243)  (2:5t054) (570 9-8) (19:6t0 27-3) (34t063)
Jordan 87 130 1-4% 20-8 38.6 2:2% 5-4 34-8 3-0%
(6-2t011.7) (10-4t016-3)  (0-0t02-8) (15-4 t0 27-6) (31-4t047-2) (0-9to3-4) (47t057) (29-0t039:8) (1-7t0 4-2)
Kuwait 156 314 2:4% 496 105-5 2:6% 425 1103 2-8%
(107t0218) (21-6t0435) (0-9t03-9) (340t068:6)  (76:0t01452)  (1-1to4-1) (339t051-9)  (87.9t0139:9)  (13to4-1)
Lebanon 133 22:4 1-8% 73 22:6 3:9% 11.8 50-7 41%
(91t0182)  (16:1t030:0) (02t033) (4-9t0101) (15-9t0 30-6) (23t05-5) (9-6t0 155) (38:8t067-3) (2-6t05-5)
Libya 57 111 2:3% 185 436 2:9% 37 269 41%
(3:9to0 8:0) (7-9to0 14-9) (0-8t03:9) (13-:3t0 25-1) (316t0587) (1-6t0 4-5) (3-1t0 4-8) (20-6 t0 35-6) (2:6t05-6)
Morocco 29 6-6 2-8% 51 13-5 3:4% 32 10-0 3-4%
(2:0to 4-1) (46t09-1) (12t0 4-5) (3-6t07-1) (9-5t018-4) (1-8t0 4-8) (2-4t04-1) (7-5t012:6) (2:0to 4-7)
Oman 63 222 43% 20-5 60-9 3-8% 7-8 54-4 6-7%
(43t08-8) (161t030-2)  (2-8t0 6:0) (147t0285)  (443t0823)  (23t052) (6-2t010-1) (415t071.9) (52t08-2)
Palestine 3-8 135 4-4% 36 131 4-4% 33 85 2:9%
(26t053) (97t018:6)  (2:9t0 6-0) (25t05-2) (9:4t017-5) (2:9t0 6:0) (2710 4-2) (6:7t011-1) (1-4to 4-4)
Qatar 19-7 338 1.9% 44-0 106-8 31% 45.7 144-4 3-6%
(136t027:1)  (23-1to46:4) (0:3t035) (30-5t0 61-0) (754t0144.1)  (1-6t045) (37-8t055-8) (109-4t0198:3)  (2:1t050)
Saudi Arabia 64 254 4-8% 162 68-8 5:0% 115 774 5-4%
(43t0 8.9) (182t0345) (3-2t06:5) (11310 22:1) (500t092:4) (3410 6:6) (9-2t014-8) (58:7t0 99-8) (390 6-8)
Sudan 1.7 36 2:6% 57 14-0 31% 1.2 91 5-5%
(11t02:4) (2410 5:0) (0-9t0 45) (3-8t07-9) (9-9t019-0) (15t0 4-8) (11t01-2) (7-0to 11.5) (3-9t071)
Syria 39 72 2:2% 7:0 12.5 2:0% 39 127 3-8%
(27t053) (50t0101)  (0-7t03-8) (50t097) (8:5t017-2) (0-4t03-4) (3110 4-9) (102t015-9) (23t053)
Tunisia 4-2 101 31% 12-4 261 2:6% 39 158 3:3%
(3:0t05-9) (72t013:8) (1-4t0 47) (8-8t016-9) (18-7t035-7) (11to 4-1) (3-1to 4-4) (11-3t0 18-4) (1.7t0 4-9)
Turkey 49 99 2:4% 97 23:0 3:0% 94 415 4-4%
(3410 6:8) (77t012:8)  (11t03:9) (6-6t013-4) (180t029-4)  (1-5t04-5) (7-8t0117) (34-1t0 48-1) (31t058)
United Arab Emirates 139 30-4 2:7% 49-0 882 2:0% 44-9 2037 4-5%
(94t0192)  (214t0419) (12t043) (354t0659)  (64-8t0120.0) (0-5t03-6)  (334t0587)  (148-8t0259-9) (3-1t0 6:0)

(Table 1 continues on next page)
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10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Yemen 17 37 2-8% 33 81 3:0% 2:0 5-0 3-4%
(11t02:4) (25t054) (120 4-5) (23t0 4:6) (57 t0 11-0) (1510 4-6) (16 t0 2:4) (4-0t0 6-0) (1-9to51)
South Asia* 3-8 6-5 2:4% 35 9-7 3-4% 9-6 303 3:5%
(27-52) (4-8t08-5) (0-6t04-3) (2-4t04-8) (7:3t012:8) (1-5to5-3) (7-3to12.5) (24-5t037-3) (1-5to05-2)
Bangladesh 2:6 65 32% 22 5-0 2-8% 10-1 317 4-0%
(1-8t03-8) (45t09-1) (1-5t0 4-9) (1-5t03-1) (3-4t07-1) (1-1t0 4-7) (7-5t013-2) (23-9t0 41-7) (2-5t05:5)
Bhutan 27 6-1 2-8% 95 284 3-8% 16-8 569 4-0%
(1-8t03-9) (4210 8:6) (11to 4-5) (6-5t013-2) (20-1t039:3) (23to5:4) (12:6t0227) (42:0t0727) (2:6t055)
India 38 62 1.7% 35 10-1 37% 9-4 30-8 37%
(27t053) (4-6108-3) (01t033) (2410 4-8) (7-5t013-2) (21t053) (72t012-4) (25:0t038-2) (22t05:0)
Nepal 35 6-8 2:3% 85 278 41% 119 227 2:4%
(2:3t0 5:0) (4-6t09-8) (0-6 t0 4-0) (6-0to11.9) (19-8t039:5) (2:5t057) (8:9t014-6) (17-7 to 25.9) (0-9t03:8)
Pakistan 4-2 7-8 21% 4-0 83 2:5% 9.6 26-6 34%
(3-0t05:9) (63t097) (0-8t035) (2:8t05-4) (6:6t010-2) (1210 4-0) (73t012:5) (22:5t030-6) (21t0 47)
Southeast Asia, east Asia, 79 20-3 21% 8-4 29.9 2:3% 149 711 31%
and Oceania* (5-6to111)  (14-8t027-1) (-1-2t033)  (6-0to11.5) (21-9t040-2)  (-0-6t03-6)  (11-2t018-8) (54-9 to 90-8) (0-4t0 4-3)
East Asia 9-8 265 27% 65 316 41% 139 801 4-3%
(70t0138)  (195t0351) (-12t046)  (4-6t089) (23-4t0423)  (15t06:6) (10-3t0 17°5) (61-9t0102:5)  (0-3t07-4)
China 10-0 27-2 3-5% 63 316 5-6% 137 811 6-3%
(71t0140)  (200t036:0) (1-9t04-9) (4-5t0 87) (234t042:4)  (41t06:9) (10-1t0 17-2) (62:6t0103-9)  (4-9t07-6)
North Korea 5-0 4-9 -0-0% 4-7 101 2:7% 120 16-3 1-4%
(3-3to7-1) (3:4t07:0) (-1-7t0 1:6) (3-1t0 6-8) (6:9t0 14-1) (1-:0to 4-3) (9-7t015:9) (12:3t021-1) (-0-2t02:9)
Taiwan (province 41 9:6 3:0% 172 553 4-0% 297 911 43%
of China) (2:8t05-8) (71t012:6)  (1-4t047) (121t0236)  (427t0694)  (2-6t055) (230t036-8)  (747t0109-4)  (2:9t057)
Oceania 18 23 1-5% 10-6 11-4 1-8% 113 182 2:3%
(12t027) (1-6t033) (-14t043)  (74t014-8) (7-9t015-8) (-07t07:6)  (8:5t014-4) (14-0t023-1) (02t05-2)
American Samoa 6-8 7:0 0-1% 380 503 0-9% 328 51-4 14%
(45t010-0)  (47t010-0)  (-16t01.9)  (26:-5t0513)  (360t0691)  (-0-6t024)  (26:9t039:9)  (40-5t0 65-2) (-0-1t02:9)
Cook Islands 96 150 1-5% 37:0 69:6 2:2% 479 88-8 1-8%
(63t0137)  (10-6t0208) (-0-0t032)  (262t052:8)  (50-6t093-4)  (0-7t03-6) (378t059:3)  (69-4t0115:6)  (0-5t03-3)
Federated States of 6.7 6-2 -0-3% 2.0 18.0 7-5% 15.0 26-8 1-8%
Micronesia (47t09-2) (41t0 8-8) (-2-1to1-4) (1-4t02:9) (12:3t0 24-9) (5-8t09:3) (11-4t020-4) (21-1t034-2) (0-2t03-3)
Fiji 42 84 2-4% 20-6 344 1-8% 215 391 2:3%
(2:8t05-9) (57t011-8)  (0-8t04-0) (14410283)  (243t0458)  (01t03-2) (15-8t0 27:5) (30-5t0 52:3) (07t03-8)
Guam 125 99 -0-8% 791 802 0-0% 105-0 1289 0-8%
(8:4t0184)  (6:8t0137) (-2:5t00-9) (57-4t0108-0)  (56-4t0110:7)  (-1-6to1.5) (79-7t0132:0)  (98-0to0161-2) (-0-5t02-3)
Kiribati 0-9 23 31% 13-8 349 32% 22 11-6 4-0%
(0-6t01-4) (16 t0 3-4) (1-2t0 4-9) (9-5t0187) (252t047-7)  (17t04-8) (1-8t02:9) (9-1t0 14-6) (2:5t057)
Marshall Islands 30 57 2:2% 15-1 337 2-8% 71 22:6 3-0%
(20to 4-2) (3:9t083) (0-5t0 4-0) (10-8t0 21-0) (24-2t0 45-9) (13t04-2) (5-4t0 8-6) (16-2t029-7) (1410 4-6)
Nauru 7:0 83 0-6% 290 458 1.6% 137 29:6 2:0%
(4-8t097) (58t0113)  (-10t022)  (205t0395)  (33-6t0607)  (0-2t03.0) (10-6t0 18:3) (19710 41-2) (0-5t03-5)
Nive 85 135 1-6% 354 645 2:1% 286 525 22%
(57t011-8)  (93t0196)  (-01to34)  (246t0484)  (46-8t0873)  (0-6t03-6) (217t0367) (39-8t0 66-9) (0-8t037)
Northern Marianalslands ~ 11-1 107 -0-1% 64-9 823 0-9% 691 102-4 1-0%
(76t015-8)  (7-4t0157)  (-1.8t017)  (457t087:5)  (575t01118) (-07t023)  (55-4t087-8)  (79-8t0132:3)  (-0-5t02-4)
Palau 107 15-8 13% 445 715 1-6% 451 894 1.9%
(72t0152)  (11.0t021.9) (-03t030)  (314t060-9)  (514t0972)  (0-2t03-2) (353t060-0)  (656t0114:3)  (0-4t035)
Papua New Guinea 09 15 1.8% 63 6-2 -0-1% 73 151 2:2%
(0-6t01-3) (1-:0t02-2) (-0-1t037) (43t09:0) (4210 8.9) (-1.9to 1.6) (5-4t09-4) (11-6t0 18-8) (0-6t0 4-0)
Samoa 31 31 -0-0% 11-6 17-0 13% 95 156 2:0%
(2110 4-4) (2110 4-5) (-16t017)  (81t016:3) (122t0233) (-02t02:9)  (6:9t011.9) (11610 19-8) (0-5t0 3-4)
Solomon Islands 0-9 24 3-5% 6-4 235 4-5% 31 13-8 47%
(0-6t01:3) (1-6t0 3-4) (1-8t05-2) (4-6t09-1) (17-0t031-2) (31t05:9) (21t03-8) (103t019-2) (31t06-2)
(Table 1 continues on next page)
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Tokelau 39 62 1-6% 177 399 2-8% 9-8 30-2 3-8%
(2:6t057) (41t087) (-01t032)  (124t0242)  (280t0548)  (12t04:3) (7-8t012-6) (22:9t038-5) (22t053)
Tonga 21 39 2:1% 17-9 27-8 1.5% 85 13-6 1-8%
(1-4t031) (2:6t055) (03t03-9) (129t0242)  (197t037-1) (0-0t0 3-0) (6-6t010-3) (10-2t019-0) (02t033)
Tuvalu 4-7 87 2:1% 238 349 13% 80 221 2:6%
(3210 6-7) (5-9t011.9) (0-4t03-8) (17-0t0 32-9) (25-0to 46:6) (-0-1t02:7) (6-7t0 9-6) (17-1t0 28:5) (11to 4-1)
Vanuatu 0-8 2.0 32% 121 183 1-4% 4-4 16-6 41%
(0-5t01-2) (1410 2:9) (150 5:0) (8-8t016-3) (128t025:8)  (-01t02:9)  (33t059) (12610 19-9) (25t05-8)
Southeast Asia 31 73 2:9% 13-4 266 2-8% 176 52-4 4-0%
(220 43) (50t0102)  (-07t082)  (97t018-2) (190t0359)  (-05t06:9)  (13-6t0225)  (40-5t0665) (17t07-6)
Cambodia 67 8:6 0-9% 43 195 53% 101 362 4:3%
(51t0 8:6) (65t0110)  (-0-4t021)  (31t056) (15210 24-2) (3-9t0 6:5) (8-8t011:5) (31-810 41-8) (32t053)
Indonesia 21 73 43% 99 240 31% 19-2 55-1 3:6%
(1-4t031) (49t0107)  (2:6t06:0) (6:9t0137) (16:5t033-0)  (1-5t04-7) (145t0254)  (417t070-9) (2110 5:0)
Laos 30 58 2:3% 7:0 11-4 1.7% 84 327 47%
(21t042) (4010 82) (0-5t03-9) (4910 9-8) (7-8t015-9) (0-0t033) (6:3t010-8) (251t0 42:3) (32t06:1)
Malaysia 56 127 2:8% 249 59-0 3-0% 233 766 3:9%
(4-0t0 7-6) (9:0t017:3)  (12to4-4) (18-4t0327)  (425t078:6)  (1.5t04-4) (18-6t029-6)  (59:3t098-1) (25t053)
Maldives 35 34-4 7:9% 71 465 6-5% 199 65-8 4-1%
(2410 5.0) (242t0475) (62t096)  (49t09-9) (329t0632)  (5:0t081) (149t0261)  (513to 84-9) (28t056)
Mauritius 6-0 165 3:5% 9-2 19-8 2.7% 233 837 4:2%
(4-0t0 8:5) (11:9t022:2)  (1:9t05:3) (6-1t012:8) (140t026-9)  (1-0t04-3) (17-8t0312) (61.0t01112)  (27t057)
Myanmar 22 92 5:0% 28 11.0 47% 47 364 7:3%
(15t03-1) (6:3t012:8) (3-2t0 6:6) (1:.9t03-9) (7-6t0 15-2) (3-1t0 6-4) (3:6t057) (27-6t0 47-0) (57t0 87)
Philippines 42 38 -0-4% 21-4 198 -0-2% 169 40-8 2:8%
(3-2to5-4) (2.9t0 4-8) (-1-6t0 1.0) (16-7t027-1) (16-0t0 24-3) (-1-4t0 0-9) (13-7t0 20-1) (34-9t0 48-3) (1-9t03-9)
Seychelles 7:6 129 1-8% 24-2 426 1.9% 40-6 993 2:6%
(52t011:0)  (9-0t0184)  (0-2t035) (170t0337)  (30-4t0597)  (0-5t03-6) (312t0524) (74710124-9)  (1-2t0 4-0)
Sri Lanka 2:6 93 4-3% 7-6 16-1 2:6% 173 52:4 3:6%
(1-8t037) (6-6t0132)  (27t06:0) (5-2t010-4) (11-4t0 22:1) (11t0 43) (12.9t023-2) (38-6t070-1) (22050
Thailand 43 7:0 1.7% 345 751 2:7% 294 60-2 2:3%
(29t06:0)  (48t09-8) (01t033) (251t0477)  (53-0t0102:4)  (1:3to4-1) (234t0361)  (46:9t075-6) (0-8t037)
Timor-Leste 2:2 53 31% 4.5 88 2:3% 33 125 4-4%
(14t03-2) (3:7t07-4) (1.5t0 4-8) (3-1t0 65) (6-1t012-3) (0-7t03:9) (2:6 to 4-0) (9-5t016-5) (2-8t0 6:0)
Vietnam 34 77 27% 49 9:9 2:4% 126 58.8 5.3%
(25t047) (52t010-8)  (1-1to 4-4) (3:5t06-7) (6-9t014-1) (0-8t0 4-2) (93t016-2) (44-0t0 76-0) (4-0t0 6-9)
Sub-Saharan Africa* 1-8 2.9 1.7% 10-6 18-3 1-9% 9-8 19-1 2:1%
(13t02:6)  (21t04.0)  (-1.7t02:8) (7-7to14-4) (13-6t024-0)  (-0-5t03-0)  (7-8t012-1) (15-4t023-4)  (-0-5t03-4)
Central sub-Saharan Africa 30 4-4 2:5% 221 359 2:0% 9-4 229 3-6%
(2-0to 4-4) (3:0to 6:1) (-11t0 5-9) (16-2t030-2) (26-7t0 46:9) (-1-2t05-0) (67to0 11:5) (18:5t027-9) (0-5t07-7)
Angola 13 46 43% 16-8 16-3 -0-1% 11-7 269 31%
(0-9t01.9) (32t0 65) (26t06-1) (120t022:9)  (116t0222)  (-17to15)  (91to14-9) (20-8t033-4) (16 t04-7)
Central African Republic 1.9 2.5 1-0% 93 9-4 0-0% 11-6 16-9 13%
(13t02-8) (1-7t03-6) (-0-8t027)  (6:5t013-0) (6-4t013°5) ((16t017)  (91t014-8) (12410 21-8) (-0-2t02-7)
Congo (Brazzaville) 5.7 57 0-0% 14-6 359 31% 99 399 4-8%
(39t0 83) (3-8t08-2) (-18t01:6)  (101t020-4)  (249t049:9)  (1-5t04-7) (7-9t0117) (28:7t0517) (32t06:3)
Democratic Republic of 33 41 0-8% 247 43-8 2:0% 84 186 2:9%
the Congo (2:2t0 4-9) (2:8t057) (-1-0t0 2:6) (18-2t033:8) (33-0t0 56-6) (0-5t03-4) (5-7t010-2) (15-9t022-1) (13to 4-4)
Equatorial Guinea 41 12:7 3:9% 71 228 4-0% 203 144.5 6-9%
(28t057) (8:5t0184)  (2:3t056) (4-9t010-1) (153t0324)  (23t057) (146t026-8)  (107-4t0186:9)  (5:5t08-3)
Gabon 22 87 47% 35.0 677 23% 96 34-8 3:9%
(1-4t03-2) (60t012:4)  (3-0to6-4)  (249t0475)  (490t0929)  (0-8t037)  (73t012:9) (2471039-2) (23t05:4)
Eastern sub-Saharan Africa 12 2:2 1-8% 6-6 13-8 1.9% 74 151 2:3%
(0-8t017) (1-6t03.0) (-0-6t04:0)  (4-8t087) (103t0182)  (-0-4t06:8)  (6:1t09-0) (12110 18-6) (-0-0to 4-9)

(Table 1 continues on next page)
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Physicians (95% Ul)

Nursing and midwifery personnel (95% Ul)

Other health workers (95% UI)

Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
(%)
(Continued from previous page)
Burundi 0-7 11 1.7% 9-6 14-3 1-4% 5-6 7-4 0-9%
(0-4t01:0) (07t01-6) (-01t036)  (6:9t013-1) (103t0197)  (-0-0t02:8)  (4-4to7-1) (5310 8-9) (-0-6 t0 2:5)
Comoros 21 46 27% 97 183 2:2% 9.7 16-8 2:1%
(1.5t03-0) (3-2t0 6:5) (0-9to 4-4) (6-7t013°5) (12-8t0257) (0-6t03-8) (7-6t013-1) (12.7t021-2) (0-5t03-6)
Djibouti 14 28 2:3% 75 87 0-5% 36 13-4 41%
(1:0t02:1) (1-8t04-1) (0-6t0 4-2) (53t010-3) (6-0t012-1) (-11t022)  (3-0to45) (103t0167) (2:5t057)
Eritrea 0-7 0-8 0-2% 79 14-8 2:1% 6-2 88 11%
(0-5to1:1) (0-5t01-1) (-1-5t02-1) (5-5to11-1) (10-6 t0 20-3) (0-6t03-8) (49t07:5) (6-5t010-8) (-0-5t02:6)
Ethiopia 04 0-8 2:0% 1.0 6-9 6-5% 47 92 2:8%
(03t0 0-5) (0-5t01-1) (0-5t035) (0-8t01:3) (4-8109-3) (50t07-9) (41t05-2) (72t011-6) (14 t0 4-0)
Kenya 21 33 1-6% 93 254 3-5% 115 22:4 2:3%
(14t03-1) (23t047) (-03t033)  (6-4t013-2) (18-1t035-2) (1-9t0 51) (8-6t014-5) (16-6 t0 28-1) (0-8t03-9)
Madagascar 30 46 15% 7:0 84 0-6% 122 198 1.8%
(2:0t0 4:3) (320 65) (-01t032)  (48t09:9) (57t011.9) (-10t022)  (91to152) (14710 26-4) (0-4t03-2)
Malawi 0-4 09 27% 6-8 13-0 2:2% 6-0 186 41%
(0-3t0 0-6) (0-6t013) (0-9to 4-3) (4-9t0 9-5) (9-1t0181) (0-7t03-7) (4-8t077) (13-9to 25-1) (2:5t05:6)
Mozambique 0-7 0-8 0-5% 34 9.4 3-5% 77 129 1-8%
(0-5t0 0-9) (0-6t01-1) (-10t02:0)  (25t04-5) (6:9t0123) (2110 4-9) (63t09-4) (10-5t0 16-4) (0-5t03:0)
Rwanda 15 31 2:5% 54 16-7 3:9% 30 88 3:9%
(1-1t02-2) (2-4t04-1) (0-8t04-1) (3-9to7-3) (13310 20-6) (2-7t05-2) (2:5t03-3) (7-5t010-7) (2-5t05-3)
Somalia 0-7 09 0-9% 24 33 11% 51 91 2:0%
(0-4t0 1-0) (0-6t01-2) (-0-7t027) (1-6t03-3) (23t047) (-0-6t02-8) (3-8t06-8) (7-0t0 12-0) (0-4t03-4)
South Sudan 12 16 1.0% 81 11-4 12% 6-7 93 0-9%
(0-8t01-8) (11to2-4) (-0-8t02-9) (5-6t011-4) (7-9t016-2) (-0-4t02:9)  (5-0to8-4) (71t011:5) (-0-6t02-6)
Uganda 11 18 1-5% 9-8 14-9 1-4% 9-7 137 1-2%
(0-9t01.5) (13t02:5) (0-0t02:8) (8-4t011:3) (113t019-4) (03t02:5) (8:9t0107) (111t0 16.7) (01t02:3)
Tanzania 19 4.9 3:3% 12-2 220 2:0% 80 233 3:0%
(13t02:8) (3-8t06-4) (1-8t0 4-8) (8-8t016-2) (17-8t026:8)  (0-8t03-4) (6-6 t010-0) (20-5t0 25-5) (1-6t0 4-3)
Zambia 1.0 19 2:3% 14-3 218 1-5% 9-4 229 3:0%
(07t013) (13t02'5) (0-8t03-8) (109t0182)  (172t027-1) (03t02:6) (8:0t0 11-0) (19-8t0 27-6) (1-9to 4-1)
Southern sub-Saharan 33 6.6 2-5% 20-1 335 2:6% 24-6 484 2-8%
Africa (2410 4-6) (5210 8-4) (-0-8t050)  (146t0267)  (264t042:0)  (-02t053)  (19-9t030-5)  (41-2t0553) (-0-9t0 5-8)
Botswana 22 54 32% 136 465 4-2% 122 545 47%
(14t031) (37t07:5) (1-5t0 4-8) (9-4t018-8) (333t0622)  (27t058) (9-8t0151) (41:5t072:6) (33t061)
Eswatini 0-7 1.9 3:-5% 171 388 2-8% 2:6 9-4 4-1%
(0-4t0 1-0) (13t02-8) (1-6t0 5:5) (12:0t0 23-6) (27-6t0 52.0) (13to4-3) (1:.9t0 3-0) (8-6t012-2) (2:3t05:8)
Lesotho 0-8 10 0-7% 9-8 328 42% 86 9-6 0-7%
(0-5t01-2) (0-6t01-5) (-11to24)  (67t013-6) (229t0448)  (2:6t057) (6:7t0112) (8-4t011-0) (-0-8t02-2)
Namibia 18 51 3-6% 13-4 243 2:1% 7-6 277 4-3%
(12t02:6) (3610 6-9) (20t053) (9-4t018-6) (173t0323)  (06t036)  (6:0t09-6) (22:0t034-1) (27t059)
South Africa 41 83 2:5% 20-0 34-6 1.9% 30-0 60.5 2:2%
(2:9t05-5) (6:6t0103)  (12t03-8) (147t0262)  (283t0418)  (07t031) (24-5t037-1) (52:0t0 68-4) (11t03-2)
Zimbabwe 17 19 0-4% 24-4 286 0-5% 135 14-4 0-1%
(11t02:6) (13t02:8) (-15t023)  (174t0333)  (204t039:9)  (-09t02:0)  (10-0to17-0) (11-4t017-1) (-1-6t0 1-6)
Western sub-Saharan Africa 1.7 2.5 1-3% 8.8 14-6 1-8% 83 165 1.5%
(12t0 2:5) (1-8t03'5) (-3-0t045)  (6:2t0122) (10-6t019:5)  (-01t042)  (6:5t010-3) (13-1t0 21-0) (-0-6t05-2)
Benin 0-8 13 1-8% 57 7-8 1-0% 9-2 16-0 13%
(0-5t01:1) (0-9t0 1-8) (0-2t035) (4-0t0 8-0) (5:5t0107) (-05t027)  (7-0t012:5) (12310 20-8) (-0-1t0 2:9)
Burkina Faso 0-7 09 1.0% 6-8 11-2 1.7% 5-0 6-9 0-9%
(0-4t0 1-0) (0-6t013) (-0-7t02-8) (4-9t09-5) (7:7t015:5) (0-2t03-2) (3710 6:4) (5-4t0 8:9) (-0-6t023)
Cameroon 23 3.0 0-9% 166 266 17% 200 397 2:3%
(1-6t03:3) (21to 41) (-10t02:6)  (11-8t022:8)  (192t0358)  (0-1t03-2) (16-0t0254)  (30:9t0 50-0) (0-8t03-7)
Cape Verde 38 9.8 33% 7:9 22.9 37% 5.0 167 36%
(2-6t05-4) (6:6t0133)  (1-7t05:0) (5-6t010-7) (162t031:6)  (22t053) (3-8t06:3) (13-0t020-2) (2-1to51)

(Table 1 continues on next page)
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Physicians (95% Ul) Nursing and midwifery personnel (95% Ul) Other health workers (95% Ul)
Density per Density per Annualised Density per Density per Annualised Density per Density per Annualised
10000 10000 rate of change 10000 10000 rate of change 10000 10000 rate of
populationin  populationin  1990-2019 population in population in 1990-2019 population in population in change
1990 2019 (%) 1990 2019 (%) 1990 2019 1990-2019
%)
(Continued from previous page)
Chad 0-8 1.0 0-9% 2:6 6-8 3:3% 7-8 7-6 -0-1%
(0-5t01-1) (07t01-4) (-0-8t02:8)  (1.7t03-8) (4-6109-4) (1-6 t0 5:0) (5-8t010-1) (59t097) (-1-8t0 1.5)
Cote d'lvoire 1.9 31 1-8% 9-2 13-0 1-2% 9-6 151 11%
(12t027) (21t0 4-4) (0-1t03-6) (6-5t013-0) (93t017-8) (-0-4t02:8)  (71t011-8) (11-5t0 19-1) (-0-5t02:5)
The Gambia 13 14 0-1% 115 19-4 1.8% 87 79 0-4%
(0-9t01:9) (0-9t02:0) (-18t01.9)  (8:0t015:6) (143t027-1) (03t033) (6-8t012:0) (560 8-8) (-11t0 2:0)
Ghana 1.8 17 -0-1% 130 30-8 3:0% 85 17-4 1-5%
(1-2t02:5) (12t023) (-19t01:6)  (9:3t017-8) (234t039:9)  (15t04-6) (71t010-2) (13710 22:2) (-0-0t03-0)
Guinea 1.5 15 0-1% 31 54 1.9% 3:6 69 2:2%
(1:0t02-1) (1:0t02-1) (-15t019)  (21to43) (37t07-:6) (03t03-6) (2:9t0 47) (530 8-8) (0-8t03-8)
Guinea-Bissau 12 22 2:1% 86 135 1.5% 4.8 9-0 17%
(0-8t01.7) (15t03-1) (0-4t0 4-0) (6-2t011-8) (9-6t018-3) (-01t03:0)  (3-8t06-1) (6-8t011-5) (01t03-2)
Liberia 05 12 3:3% 58 13-2 2-8% 56 22:6 51%
(03t007) (0-8t01-8) (15t051) (4110 81) (93t018:6) (11to 4-4) (4210 6-9) (17-3t030:0) (35t067)
Mali 1.2 21 1.9% 62 80 0-9% 53 93 17%
(0-8t01:8) (1-4103:0) (03t03-6) (4-41087) (530 11-0) (-07t02:4)  (42t067) (7-4t012-3) (02t031)
Mauritania 16 2-4 1-4% 10-2 173 1-8% 45 69 0-8%
(1-0t02:3) (1-6t03-4) (-0-4t031)  (71t013-9) (124t0233)  (0-4t03:5) (37t051) (52t0 87) (-0-9t0 2-4)
Niger 0-6 09 17% 41 63 1.5% 56 82 1-0%
(0410 0-8) (0-6t013) (-01t03-4)  (2:8t058) (43t087) (-02t03:0)  (44t06:9) (6-2t010-8) (-0-5t0 2-4)
Nigeria 21 33 1-6% 91 14-6 1.7% 83 182 2:2%
(1-4t03-0) (23t0 45) (-02t033)  (6-4t012:6) (107t0192)  (0-1to31) (6-5t09-9) (14710 23-0) (0-8t037)
S&o Tomé and Principe 2.7 1.2 -2.9% 15-0 229 1.5% 03 65 2:3%
(1-8t03-9) (0-8t017) (-47t0-11) (1100 20-5) (16:5t0 31-1) (-01t02:9)  (0-0t007) (4-5t0 8-6) (07t03-9)
Senegal 21 21 -0-0% 87 123 1-2% 52 65 0-7%
(1-4t03-0) (1410 2:9) ((17t0o17)  (6-2t011:6) (8:9t016-8) (-0-4t02-8)  (41t065) (4-9t0 8-1) (-0-7t02:2)
Sierra Leone 0-6 19 3:9% 57 10-4 2:1% 12-4 18-8 0-9%
(0-4t0 0-9) (13t027) (22t056) (3-8t081) (73t014-3) (0-5t03-8) (92t016-2) (147 to 24-0) (-0-5t02-2)
Togo 11 14 0-6% 84 133 1-6% 9-0 175 17%
(0-8t01.7) (0-9t02:0) (-13t024)  (58t011.9) (93t018:3) (-02t031)  (7:0to117) (13-3t022-8) (01t03-2)
Data in parentheses are 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. *Refers to GBD super-region.
Table 1: Density of physicians, nursing and midwifery personnel, and other health workers for GBD super-regions, regions, and 204 countries and territories in 1990 and 2019
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10000 population, southeast Asia had a density of 7-3
(5-0-10-2) per 10000 population and Oceania had a
density of 2-3 (1-6-3- 3) per 10000 population. Additionally,
although eastern Europe had a density of 50-6 (38-8-64-2)
per 10000 population, central Europe had a much lower
density of 22-2 (17-2-28-1) per 10000 population.
Even starker national-level differences within regions
included Cuba, with a density of 84-4 (62-8-107-6) per
10000 population, compared to Haiti, with a density of 2-1
(1-4-2-9) per 10000 population, as well as the United
Arab Emirates, with a density of 30-4 (21-4-41-9) per
10000 population, compared to Afghanistan, with a density
of 3-8 (2-6-5-3) per 10000 population.

The density of physicians increased globally between
1990 and 2019, with an annualised rate of change of 2-0%
(95% UI -0-9 to 5-6). From 1990 to 2019, the
GBD super-region encompassing north Africa and
the Middle East had the largest annualised rate of
change (increasing by 2-7% [0-7 to 5-5]), whereas the

high-income super-region had the smallest annualised
rate of change (increasing by 1-5% [-0-8 to 2-4]; table 1).

In comparison, the global density of nurses and
midwives in 2019 was 38-6 (95% UI 30-1-48-8) per
10000 population. A greater than ten-fold difference also
existed in median nurse and midwife densities between
the lowest and highest SDI quintiles (figure 1B). A large
increase in this cadre was observed between the high-
middle and high SDI countries. Across super-regions,
densities ranged from 9-7 (7-3-12-8) per 10000 in south
Asia to 114-9 (94-7-137-7) per 10000 population in the
high-income super-region (table 1). Differences within
super-regions were especially large in the high-income
super-region, where a density of 152-3 (116-3-195-9)
nurses and midwives per 10000 population in the
Australasia region contrasted with a density of 37-4
(30-2-46-3) per 10000 population in southern Latin
America in 2019. Notable differences at the national level
existed within both well-resourced and poorly resourced
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regions. Japan, with a density of 119-2 (94-7-148 - 8) nurses
and midwives per 10000 population, contrasted with
South Korea’s density of 52-6 (40-7-67-4) per
10000 population, Botswana’s density of 46-5 (33-3-62-2)
nurses and midwives per 10000 population differed from
Lesotho’sdensity of 32-8 (22 -9—44- 8) per 10000 population,
and Bhutan had a density of 28-4 (20-1-39- 3) nurses and
midwives per 10000 population compared to Pakistan’s
density of 8-3 (6-6-10-2) per 10000 population.

The density of nurses increased globally between
1990 and 2019, with an annualised rate of change of 2-1%
(95% UI -0-7 to 5-5) per 10000 population. As with
physicians, the largest annualised rate of change in nurse
and midwife densities at the super-region level from
1990 to 2019 was in north Africa and the Middle East
(3:0% [-0-3 to 5-5] per 10000 population) and the
smallest annualised rate was in the high-income super-
region (1-4% [-0-8 to 2-4] per 10000 population).

To achieve a UHC effective coverage of 80 out of 100 at
the global level, the minimum required number of health
workers per 10000 population was 20-7 for physicians,
70-6 for nurses and midwives, 8- 2 for dentistry personnel,
and 9-4 for pharmaceutical personnel (table 2). By
comparison, to achieve a UHC effective coverage of 90,
the minimum numbers of health workers per
10000 population was estimated to be 35-4 for physicians,
114-5 for nurses and midwives, 14-5 for dentistry
personnel, and 15-8 for pharmaceutical personnel.

In relation to a UHC effective coverage of 80 out of 100,
in 2019, 132 of 204 countries and territories had workforce
shortages for physicians, as did 154 countries and territories
for nurses and midwives, 131 countries and territories for
dentistry personnel, and 135 countries and territories
for pharmaceutical personnel (appendix 2, table S2). In
absolute terms, these corresponded to an aggregate
shortage of approximately 6-4 million physicians,
30-6 million nurses and midwives, 3-3 million dentistry
personnel, and 2-9 million pharmaceutical personnel
globally (table 3). The HRH workforce gaps were larger
and more concentrated among countries in the following
GBD super-regions: sub-Saharan Africa, south Asia, and
north Africa and the Middle East (figure 3). In terms of
absolute shortages, the largest gaps were observed in sub-
Saharan Africa (short by 1-9 million physicians, 5-6 million
nurses and midwives, 824000 dentistry personnel, and
8560000 pharmaceutical personnel), southeast Asia, east
Asia, and Oceania (short by 995000 physicians, 8-8 million
nurses and midwives, 745000 dentistry personnel, and
560000 pharmaceutical personnel), and south Asia (short
by 2-6 million physicians, 11-0 million nurses and
midwives, 1-3 million dentistry personnel, and 971000
pharmaceutical personnel; table 3).

Discussion

Globally, HRH  steadily increased  between
1990 and 2019; yet, for all cadres, substantial differences
persisted both within and across GBD super-regions.
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Figure 1: Physician densities (A) and nurse and midwife densities (B) by SDI quintile in 1990, 2005, and 2019

Boxplots show medians and IQRs. SDI=Socio-demographic Index.

These differences translate into substantial health-
worker shortages worldwide compared to estimated
workforce levels necessary for achieving high levels of
UHC effective coverage. Based on minimum threshold
estimates for reaching a UHC effective coverage of
80 out of 100, national health workforce shortages
in 2019 amounted to daunting totals: approximately
6-4 million physicians, 30-6 million nurses and
midwives, 3-3 million dentistry personnel, and
2-9 million pharmaceutical personnel. Shortages in the
GBD super-regions of sub-Saharan Africa and south
Asia alone accounted for more than half of the global
shortfall in each cadre; this finding aligns with shortage
estimates published in recent WHO reports on nursing
in 2020 and midwifery in 2021.°"

Minimum density thresholds represent a compromise
between the ongoing demand from policy communities
for standardised workforce benchmarks and the reality
that considerable variation in skill mix undermines the
utility of inflexible global targets. Rather than identifying
ideal levels of HRH intended to pertain to all contexts,
our density thresholds suggest a minimum health
workforce common denominator; they represent the
minimum human resources needed to achieve UHC
performance goals. A goal of 80 out of 100 in the UHC
effective coverage index reflects a high performance level
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Figure 2: Density of physicians (A) and nurses and midwives (B) per 10 000 population by country and territory, 2019
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that still falls within the spectrum of observed attainment
among a diverse set of countries examined, making the
corresponding thresholds broadly useful for health-
system strengthening efforts.

Since our study fit workforce thresholds independently
to each cadre, the minimum density value for a given
HRH category is driven by countries that achieve high
UHC with skill mixes that are relatively less reliant on
that cadre. Other locations with skill mixes more reliant
on a particular cadre are therefore likely to need workforce
densities beyond these minimums. Consequently, these
thresholds and their implied shortages should still apply
to locations whose HRH skills mixes heavily favour
certain cadres, including other allied health professionals
such as community health workers.

Summing the minimum density thresholds calculated
for physicians and for nurses and midwives at a UHC
effective coverage index of 80 out of 100, the combined
threshold is 91-3 per 10000 population, more than
double the WHO threshold of 44-5 for the aggregate of
these same cadres.” Another recent analysis similarly
found that WHO methods might underestimate—Dby
nearly double—the true scale of the midwife shortage.”
Unlike WHO’s thresholds, ours are based on a more
ambitious health-system performance target, and are
primarily driven by locations with maximal, rather than
median, translation of HRH to health coverage. As such,
locations with lower productive efficiencies or additional
challenges such as sparse population distribution might
well need even larger numbers of health workers than
those identified in these minimum thresholds.

We observed the greatest shortages in 2019 in densities
of physicians, nurses and midwives, dentistry personnel,
and pharmaceutical personnel in the super-regions of
sub-Saharan Africa, south Asia, and north Africa and
the Middle East. These areas contend with high rates of
disease burden as well as expanding health-care needs
due to the increasing prevalence of non-communicable
diseases® and due to population growth. Countries with
rapidly growing populations and workforce shortages
face a greater challenge. At the same time, these regions
are home to countries and territories with some of the
lowest indices of health-care access and quality, reflecting
the clear association between adequate HRH densities
and health service delivery. These workforce shortfalls
might exist because of gaps in both supply and demand
for health workers. Gaps in supply might be due to
insufficient educational capacity. Limited demand for
HRH can occur when there is insufficient employment
capacity to absorb available workers. These dynamics are
further exacerbated by a range of issues, including the
out-migration of health workers, also known as a “brain
drain”,** as well as absenteeism,” wars and political
unrest,® violence against health workers,®* and
insufficient financial and non-financial incentives to
retain health workers.” Efforts to scale up HRH will
need to take into account the complex and varied causes
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Threshold for Threshold for

UHC 80 (per 10000) UHC 90 (per 10 000)
Physicians 20-7 354
Nurses and midwives 70-6 1145
Dentistry personnel 82 145
Pharmaceutical personnel  9-4 15-8

UHC=universal health coverage. UHC 80=achieving a performance target of
80 out of 100 on the UHC effective coverage index. UHC 90=achieving a performance
target of 90 out of 100 on the UHC effective coverage index.

Table 2: Cadre-specific minimum density thresholds per
10 000 population for achieving UHC 80 and UHC 90

of health worker shortages. WHO’s Global Strategy on
Human Resources for Health makes this clear.”® For
example, it calls for different policy responses in
locations with sizeable health worker out-migrations in
contrast to locations with large in-migrations. And it
emphasises that countries will need to address both the
supply and the demand factors that produce gaps in
HRH. This is a sizeable task that involves considering
the scale and scope of training, education, and the
broader workforce, as well as how far or close a country
is to the minimum thresholds we estimate. Progressive
realisation of UHC and the health workforce required to
achieve UHC is a long-term effort. By doing a stochastic
frontier analysis, we sought to improve UHC—in terms
of both access and quality—by improving the allocation
of resources. A realistic understanding of the gaps in
UHC provides countries with a clearer picture of what is
desirable, even though it might not always be possible to
achieve. High-income locations can adopt responsible
recruitment practices detailed in WHO’s global code of
practice on the international recruitment of health
personnel to avoid further contributing to workforce
gaps in GBD super-regions such as sub-Saharan Africa
and south Asia.” Responsible international recruitment
will need to be coupled with appropriate workforce
planning strategies to ensure domestic health-care
needs are met.

Middle and low SDI locations seeking to increase HRH
might continue to test and pursue retention strategies
and incentives to reduce losses from out-migration.**
The time and expenses involved in scaling up the training
required for HRH means that expansion of educational
opportunities can only be a long-term solution.
Additionally, scaling up educational infrastructure alone
will not help if large out-migrations of health-care
personnel persist. In the shorter term, countries can
direct funding towards expanding employment capacity.

Underlying most of these policy possibilities is the
need to bolster health information systems that can
better assess the size and composition of the workforce.
The WHO National Health Workforce Accounts
implementation guide™” recommends multisectoral
action to improve standardised data collection on health
workforce characteristics.
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Number of Proportionof ~ Sum of country-
countrieswith countries with level shortages
shortage shortage* (%) (number of
workers)
Physicians (threshold: 20-7 per 10 000 per population)
Global 132 647% 6410000
Central Europe, eastern Europe, and central Asia 9 31-0% 25000
High-income 3 8:3% 30000
Latin America and Caribbean 22 66-7% 238000
North Africa and Middle East 15 71.4% 636000
South Asia 5 100-0% 2570000
Southeast Asia, east Asia, and Oceania 32 94-1% 995000
Sub-Saharan Africa 46 100-0% 1920000
Nurses and midwives (threshold: 70-6 per 10 000 population)
Global 154 75:5% 30600000
Central Europe, eastern Europe, and central Asia 17 58-6% 482000
High-income 7 19-4% 348000
Latin America and Caribbean 31 93:9% 1570000
North Africa and Middle East 18 85-7% 2760000
South Asia 5 100-0% 11000000
Southeast Asia, east Asia, and Oceania 30 882% 8810000
Sub-Saharan Africa 46 100-0% 5640000
Dentistry personnel (threshold: 8-2 per 10 000 population)
Global 131 64-2% 3280000
Central Europe, eastern Europe, and central Asia 12 41-4% 38500
High-income 1 2:8% 1300
Latin America and Caribbean 23 69-7% 32800
North Africa and Middle East 17 81.0% 302000
South Asia 5 100-0% 1340000
Southeast Asia, east Asia, and Oceania 27 79-4% 745000
Sub-Saharan Africa 46 100-0% 824000
Pharmaceutical personnel (threshold: 9-4 per population)
Global 135 66-2% 2890000
Central Europe, eastern Europe, and central Asia 13 44-8% 52200
High-income 4 11-1% 10900
Latin America and Caribbean 28 84-8% 263000
North Africa and Middle East 13 61-9% 182000
South Asia 5 100-0% 971000
Southeast Asia, east Asia, and Oceania 27 79-4% 560000
Sub-Saharan Africa 45 97-8% 856000
UHC=universal health coverage. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. *The proportion of
countries and territories within a super-region that exhibit a shortage.
Table 3: Health worker shortages for four cadre groups at UHC effective coverage of 80 out of 100 on
the UHC effective coverage index by GBD super-region, 2019
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Our finding that there is substantial variation in UHC
effective coverage attainment at given levels of HRH
suggests that increasing HRH should be just one element
in a broader strategy to increase health coverage. Achieving
UHC will require working conditions where health
workers can thrive, boosting engagement, satisfaction,
and ultimately workforce productivity. Other evidence-
based strategies might include training physicians to work
in rural locations,” expanding public health programmes,
and increasing access to essential medicines.”

Our analysis has a number of strengths. First, this
study estimated health worker densities by use of
standardised census and survey data and administrative
or registry-based sources adjusted to be consistent with
population-based sources. Adjustments were crucial to
ensuring estimates were comparable across countries.
Administrative and registry data rely on national health
information systems that might omit workers in the
private sector and double-count public sector workers
with multiple positions. Furthermore, such sources do
not adhere to a common process for classifying and
collecting data on HRH cadres, which compromises
comparability across locations. By using all possible data
sources, our models included data from 96% of all
204 locations in our study.

Second, our approach to estimating the frontier of
UHC effective coverage at a given level of HRH also has
important advantages. Traditional stochastic frontier
analysis requires specifying the functional form of
the relationship between input and output. Our
SFM approach avoided this requirement by fitting a
production frontier with a flexible semi-parametric
model. SFM also incorporated additional information on
the uncertainty intervals of the dependent variable
directly in the likelihood function to aid in frontier
estimation. Additionally, including trimming within the
likelihood prevented a small number of outliers from
substantially shifting the frontier. This approach could be
useful in other health-system performance or efficiency
analyses. Future versions of the SFM model could include
uncertainty in the fitted frontier and allow for flexible
splines on more than one input variable, allowing direct
estimation of substitution effects between cadres.

Third, we believe our new health workforce minimum
threshold approach will be broadly useful for health-
system strengthening efforts. We believe the thresholds
for each cadre—physicians, nurses and midwives,
pharmacists, and dentists—can be used to promote
greater access to or better performance of the health
system. We are not suggesting these minimum thresholds
are compulsory, but rather aspirational. Each policy
maker can take their own experience and use the
threshold as a reference. Some locations have better UHC
with fewer HRH, and vice versa; some with worse UHC
have more HRH. The threshold is a convenient and
innovative new metric for trying to determine the gaps. It
is a not just a matter of quantity, but also quality.

This study has several limitations. First, some
characteristics of our input data restricted our analysis.
Some surveys had relatively small samples sizes for
estimating the small prevalence values characteristic of
health-worker densities in many places and times. This
resulted in large sampling errors. These are not
systematic sources of bias, however, because they
are just as likely to result in overestimation as
underestimation of a given indicator. For most data
sources, the level of detail available in standard coding
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Figure 3: Maximum possible UHC effective coverage index achievement given densities in 2019 of physicians (A), nursing and midwifery personnel (B),

dentistry personnel (C), and pharmaceutical personnel (D)

Each point represents one out of 204 countries and territories. The solid black line refers to the frontier, which is the maximum expected UHC attainment at a given
health worker density. The frontier was fit using all estimates from 1990 to 2017. This figure only shows the 2019 values for each location. GBD=Global Burden

of Diseases, Injuries, and Risk Factors Study. UHC=universal health coverage.

systems was also restricted, precluding disaggregation
of some cadres into distinct professions (eg, community
health workers and midwives) or by subspecialty
(eg, specialist versus generalist physicians). Some of
these limitations are inherent to even the most recent
versions of such coding systems, whereas others reflect
the preponderance of data coded to older versions of a
system, such as ISCO-88. Mapping across coding
systems and splitting aggregate codes during data
preparation resulted in some loss of precision and
conditioned the validity of estimates from less granular
three-digit input data on the accuracy of available
four-digit sources. The self-report nature of sources
presents the potential for misclassifying occupations
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due to response bias or miscoding by interviewers. Our
data sources also did not permit us to track whether
health workers are employed in full-time or part-time
positions, or whether they are professionals or associate
professionals. The latter is an important limitation
because the skills and competencies of associate
professionals tend to be less advanced than those of
professionals. Another limitation of the input data is the
treatment of nurses and midwives as a single
occupational grouping. Nursing and midwifery are
separate disciplines that are not interchangeable and
ideally require separate analysis. Additionally, available
input data rarely provided information beyond the
national level, precluding investigation of subnational
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heterogeneities in the supply and demand for HRH.
Second, this study’s frontier analyses did not account for
potential substitution effects between cadres. In practice,
roles and responsibilities among various cadres can
overlap, particularly for task-shifting subgroups such as
nurse practitioners. Consequently, the thresholds
identified in this analysis probably underestimate true
workforce requirements, because countries driving the
frontier for one cadre might be compensating with
higher densities in another. For instance, the low
physician densities driving a frontier might only be
possible with an unusually high density of nurses. In
this way, our minimum density thresholds might
collectively mask some workforce needs. Densities at or
above the minimum threshold for any cadre might also
mask deficits of specialists within that cadre grouping. It
should also be noted that the UHC index does not
include any particular input related to dentistry, although
it might broadly represent better performance in
dentistry correlated with the inputs. This is important
when considering the minimum thresholds for dentistry.
More precise estimates of the effective coverage of
dentistry needs could improve the precision of minimum
thresholds for dentistry.

Third, our analysis does not take into account some
crucial characteristics of health workforces. For example,
we do not currently produce estimates of the health
workforce by age or sex. Analysing human resources for
health in the context of gender is vital to discussions of
economic development, equity advancement, and gender
equity in health systems. We believe this topic both
merits and requires a dedicated, separate analysis to
appropriately address gender inequities in HRH and
UHC. Such an analysis splitting health worker cadres by
sex was outside the scope of the existing analysis but is a
natural future extension of our research, as detailed
below.

Last, we did not consider other important health
workforce characteristics. Specifically, we did not
examine variations in either the adequacy of workforce
training or in workforce performance. Understanding
both training and performance globally would require
substantial improvements in country-level process-
oriented data collection. Nor did we attempt to analyse
the proportion of trained workforces that is unemployed,
employed in non-health occupations, or that has
emigrated from the country. Information on the
prevalence of unemployment, non-health employment,
and out-migration among workers with health-care
training could, however, provide crucial insight into the
mechanisms underlying low workforce densities and the
relative potential of efforts to expand workforces by
increasing supply and training as opposed to demand
and retention.®® Our data sources did not allow us to
assess either unpaid informal care providers, such as
family members, or temporary health workers, such as
international humanitarian workers. Regarding the

contexts in which health workers practice, our global
thresholds are not sensitive to differences in national
disease burdens or to varying population densities and
distributions, both of which are likely to affect required
workforce levels.

This study suggests several avenues for future research.
First, further research should examine key characteristics
of health workforces. Research should recognise
additional cadres that contribute to UHC attainment
across locations and extend the threshold analysis
accordingly. Understanding the contributions of
specialists, such as obstetricians, paediatricians, and
surgeons, is another essential avenue. Work is also
needed to quantify when surpluses in some cadres can
compensate for deficits in others. Such research could
identify the specific contextual factors that make training
community health workers and shifting health-care tasks
better options for expanding UHC than attempting to
increase the density of physicians or of other cadres
traditionally emphasised in global policy dialogue.

Second, further study of health workforce composition
is warranted. Disaggregating HRH densities by sex and
examining differences in the sex distribution among and
within cadres is crucial for examining the gendered
nature of health work. To provide effective coverage,
health systems explicitly rely on women’s paid labour.
Notably, nurses and midwives comprise the largest health
worker cadre globally, and in some countries more than
90% of nurses and midwives are women.” In the paid
workforce, underemployment, unemployment, and
labour wastage continue to be gendered phenomena that
disadvantage female health workers.” Additionally, the
provision of effective health care implicitly relies on
unpaid labour. Results from the Global Valuing the
Invaluable analysis indicate that unpaid labour accounts
for 31-49% of women’s total contribution to the health
sector, depending on the valuation method,” and women
contribute a disproportionate amount of informal, unpaid
labour to the health sector compared to men due to
domestic caregiving norms.” Systematic gender-based
discrimination affects female health workers’ paid and
unpaid labour, and future research must examine gender
differences in the health workforce to empower health
workers and promote initiatives that improve gender
equity.

Third, the threshold analysis could account for other
population health needs and health system goals. For
instance, as more countries obtain higher levels of UHC,
it will be possible to establish reliable minimum
thresholds of HRH with respect to even higher targets of
UHC effective coverage. Some work has also assessed
HRH densities in relation to disease and injury burden.®
Such research could help societies avert health loss,
particularly from non-communicable diseases that are
on the rise globally. Information on the availability of
gerontologists could help societies prepare to care for
ageing populations, for instance, and understanding the
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prevalence of psychologists, psychiatrists, and other
mental health professionals could facilitate efforts to
address the global burden of depression and suicide.
Research on how the size and composition of the health
workforce affect pandemic preparedness is also clearly of
paramount importance. The 2014 west Africa Ebola virus
outbreak and the more recent spread of this disease in
the Democratic Republic of the Congo showed how
shortfalls in HRH bear not only on UHC but also on
global health security more generally.** The COVID-19
pandemic highlighted the crucial importance of
addressing these shortfalls for disaster responses and
health-system resilience.”

Fourth, additional research above and below the
national level would be fruitful. Analyses by region or
type of health system could yield more precise HRH
targets by taking into account prevalent skill mixes. More
granular research is also important because national-
level estimates could mask considerable subnational
disparities and shortages in health workers and health
outcomes. Previous work has highlighted how HRH
tend to concentrate in urban areas,* leaving shortfalls in
rural and remote areas that could be rectified through
national attention and policies.

Fifth, there is substantial opportunity for investigating
how total national health expenditure® corresponds to
the gaps and shortfalls in HRH documented here. In
many countries, human resources make up a major part
of health sector expenditures, and understanding how
these resources are balanced against other demands,
such as capital investments in buildings and equipment,
as well as drugs and devices, is crucial. Similarly, the
allocation of expenditure for HRH is crucial, as
investments in different levels of HRH will have different
ramifications for both the amount of resources spent as
well as the care that can be provided.

Finally, future research could build on existing forecasts
of future workforce needs.**** Forecasts could incorporate
trends in migration, technology, health financing, and
health worker training capacity. This would enable
decision makers facing resource scarcities to make
timely investments in training and recruitment in
anticipation of future scenarios.

A strong health workforce is recognised as being
crucial to a range of policy priorities, yet HRH estimates
across countries show there are considerable disparities
in HRH. This analysis illuminated widespread shortages
in HRH whose elimination will be necessary—albeit
insufficient on its own—in global efforts to achieve
effective UHC for all people. As the WHO Global Strategy
on Human Resources for Health® suggests, successful
policy solutions will vary across contexts to address the
local drivers of insufficient workforce supply and
demand. Taking these diverse factors seriously is
important not only to extending effective health-care
coverage in the present, but also to ensuring global
health security in the future.
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