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The health workforce is the cornerstone of any health care
system. An adequately trained and sufficiently staffed
workforce is essential to reach universal health coverage. In
particular, a nephrology workforce is critical to meet the
growing worldwide burden of kidney disease. Despite
some attempts, the global nephrology workforce and
training capacity remains widely unknown. This
multinational cross-sectional survey was part of the Global
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Kidney Health Atlas project, a new initiative administered
by the International Society of Nephrology (ISN). The
objective of this study was to address the existing global
nephrology workforce and training capacity. The
questionnaire was administered online, and all data were
analyzed and presented by ISN regions and World Bank
country classification. Overall, 125 United Nations member
states responded to the entire survey, with 121 countries
responding to survey questions pertaining to the
nephrology workforce. The global nephrologist density was
8.83 per million population (PMP); high-income countries
reported a nephrologist density of 28.52 PMP compared
with 0.31 PMP in low-income countries. Similarly, the
global nephrologist trainee density was 1.87 PMP;
Kidney International Supplements (2018) 8, 52–63
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high-income countries reported a 30 times greater
nephrology trainee density than low-income countries
(6.03 PMP vs. 0.18 PMP). Countries reported a shortage in
all care providers in nephrology. A nephrology training
program existed in 79% of countries, ranging from 97% in
high-income countries to 41% in low-income countries. In
countries with a training program, the majority (86%) of
programs were 2 to 4 years, and the most common training
structure (56%) was following general internal medicine.
We found significant variation in the global density of
nephrologists and nephrology trainees and shortages in all
care providers in nephrology; the gap was more prominent
in low-income countries, particularly in African and South
Asian ISN regions. These findings point to significant gaps
in the current nephrology workforce and opportunities for
countries and regions to develop and maintain a
sustainable workforce.
Kidney International Supplements (2018) 8, 52–63; https://doi.org/10.1016/
j.kisu.2017.10.009
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H ealth workforce, in general, is the cornerstone of a
country’s health care system.1 Countries cannot reach
universal health coverage2 and sustainable develop-

ment goals3 without an investment in human resources. To
achieve that, countries need adequate numbers of qualified
workforce members delivering and managing their health
care system. A nephrology workforce in particular is critical
to meet the growing worldwide burden of kidney disease4–6

and its risk factors, such as diabetes,7 obesity,8 and an aging
population,9 and the increasing demand of renal replacement
therapy (RRT) and kidney care in both high-income and low-
income countries.10 Indeed, nephrologist caseload was found
to be associated with mortality of dialysis patients.11 Various
studies have already examined the state of the nephrology
workforce, highlighting the gaps and deficiencies in workforce
availability and quality.12–18 In 1 review of the global
nephrology workforce, Sharif et al.12 identified multiple fac-
tors responsible for the global shortage in the nephrology
workforce and suggested a detailed and comprehensive
nephrology workforce planning that is backed by government
policy and legislation to ensure effective delivery and sus-
tainability of kidney disease care. Another study that exam-
ined kidney care structures across 17 European countries
identified limited workforce capacity, among many others, as
a common barrier to the care of people with non–dialysis-
dependent chronic kidney disease (CKD).13

The objective of this cross-sectional survey that was part of
the Global Kidney Health Atlas (GKHA) project, a new
initiative to assess kidney care in all world regions adminis-
tered under the umbrella of the International Society of
Kidney International Supplements (2018) 8, 52–63
Nephrology (ISN), was to comprehensively examine the
existing nephrology workforce in the form of the number of
nephrologists and nephrology trainees; nephrology training
capacity in terms of availability, duration, and structure; and
the perceived shortages in health care providers pertaining to
nephrology across all 10 ISN regions19 and 2014 World Bank
country classification20 as low-, lower-middle–, upper-mid-
dle–, and high-income nations, based on the World Health
Organization (WHO) building blocks.21

Results
Response rate. Responses were received from a total of

125 of 130 UN member states (96% response rate) across 10
ISN regions, and 121 countries answered survey questions
pertaining to nephrology workforce. Further details on the
response rate and population coverage of the survey have
been described elsewhere.22

Global density of nephrologists. Overall, the density of
nephrologists reported was 8.83 per million population
(PMP) (Table 1, Figure 1a). There was considerable variation
in density of nephrologists among World Bank income
groups and ISN region countries. High-income countries had
the highest nephrologist density (28.52 PMP), followed by
upper-middle–income (7.23 PMP), lower-middle–income
(2.38 PMP), and-low income (0.31 PMP) countries (Table 1).
Of the 10 countries with the lowest nephrologist density, 9
belonged to the Africa ISN region, and sub-Saharan Africa
specifically. Yemen, in the Middle East ISN region, was the
exception (Figure 1b). In contrast, the countries with the
highest nephrologist density were from different ISN regions.
Japan (North and East Asia region) reported the highest
density, followed by Lithuania (Eastern and Central Europe
region), Taiwan (North and East Asia region), Greece
(Western Europe region), Uruguay (Latin America region),
Spain (Western Europe region), Slovenia (Eastern and Central
Europe region), Argentina (Latin America region), Germany
(Western Europe region) and Oman (Middle East region)
(Figure 1b).

Overall, countries in the Africa ISN region reported a low
density (3.64 PMP) of nephrologists (Table 1). The lowest
numbers were reported from sub-Saharan countries, namely
Malawi (0.06 PMP), Mozambique (0.08 PMP), and Ethiopia
(0.09 PMP). On the other hand, the highest numbers were
reported from North African countries, namely Egypt (21.65
PMP), Tunisia (16.31 PMP), Libya (12.48 PMP), and Algeria
(11.38 PMP) (Supplementary Figure S1).

Eastern and Central European countries reported a high
density (16.33 PMP) of nephrologists (Table 1). However,
there was wide variation in nephrologist density among the
countries in the region. Turkey (6.30 PMP), Moldova (9.02
PMP), and Macedonia (9.54 PMP) reported the lowest den-
sities of nephrologists, while Lithuania (69.34 PMP) and
Slovenia (40.33 PMP) reported the highest, a difference of
63.04 between each end of the spectrum (Supplementary
Figure S1).
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In the Western Europe ISN region, countries overall
reported a very high density (21.04 PMP) of nephrologists
(Table 1). All countries in the region reported higher densities
than the global average (8.83 PMP). Israel (9.69 PMP) re-
ported the lowest density of nephrologists, while Greece
(46.40 PMP) reported the highest (Supplementary Figure S1).

In the Oceania and Southeast Asia (OSEA) ISN region,
countries overall reported a low density (3.98 PMP) of ne-
phrologists (Table 1). Within the region, Burma (0.37 PMP),
Indonesia (0.43 PMP), and Laos (0.43 PMP) reported the
lowest densities of nephrologists, while Australia (20.88
PMP), New Zealand (13.07 PMP), and Singapore (9.69 PMP)
reported the highest (Supplementary Figure S1).

In the North and East Asia ISN region, countries overall
reported a high density (12.37 PMP) of nephrologists
(Table 1). Japan (78.79 PMP) reported the highest density of
nephrologists in the region and globally, followed by Taiwan
(61.97 PMP), South Korea (18.32 PMP), Hong Kong (16.31
PMP), and Mongolia (15.04 PMP). Although China reported
the highest absolute number of nephrologists globally (mean:
8500), it had the lowest density within its region (5.12 PMP)
(Supplementary Figure S1).

In the North America ISN region, both responding
countries reported a density of nephrologists higher than the
global average of 8.83 PMP: 17.81 PMP in Canada and 24.89
PMP in the USA (Supplementary Figure S1). Furthermore,
the region reported the highest density (24.2 PMP) of ne-
phrologists of all 10 ISN regions (Table 1).

In the Latin America and Caribbean ISN region, countries
overall reported a high density (15.23 PMP) of nephrologists
(Table 1). However, there was wide variation among countries
in the region, ranging from Guatemala (3.02 PMP) and
Nicaragua (3.72 PMP) with the lowest densities to Uruguay
(44.88 PMP) and Argentina (34.54 PMP) with the highest
(Supplementary Figure S1).

In the Middle East ISN region, countries overall reported a
low density (6.17 PMP) of nephrologists (Table 1). Yemen
(0.22 PMP), which had one of the lowest densities of ne-
phrologists globally, Iraq (1.03 PMP), and West Bank and
Gaza (2.15 PMP) reported the lowest densities of nephrolo-
gists in the region, while Oman (30.42 PMP), Lebanon (22.64
PMP), and Saudi Arabia (17.66 PMP) reported the highest
(Supplementary Figure S1).

In the newly independent states (NIS) and Russia ISN
region, countries overall reported a high density (15.68 PMP)
of nephrologists (Table 1). Kazakhstan (5.51 PMP) and
Armenia (8.18 PMP) reported the lowest densities of
nephrologists in the region, while Georgia (23.32 PMP) and
Belarus (20.86 PMP) reported the highest (Supplementary
Figure S1).

In the South Asia ISN region, countries overall reported
the lowest density (1.17 PMP) of nephrologists globally
(Table 1). Within the region, Bangladesh (0.65 PMP) and Sri
Lanka (0.91 PMP) reported the lowest densities of nephrol-
ogists, while Pakistan (2.51 PMP) and India (1.04 PMP) re-
ported the highest (Supplementary Figure S1).
Kidney International Supplements (2018) 8, 52–63
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Figure 1 | (a) Global distribution of density of nephrologists per million population (PMP) from 121 countries. (b) Countries with the
lowest and highest density of nephrologists PMP from 121 countries. (c) Density of nephrologists PMP from 121 countries grouped by
International Society of Nephrology region. (d) Density of nephrologists PMP from 121 countries grouped by World Bank income group.
Adapted with permission from Bello AK, Levin A, Tonelli M, et al. Assessment of global kidney health care status. JAMA. 2017;317:1864–1881.22
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Global density of nephrology trainees. Similar to nephrol-
ogist density, there was significant variation in density of
nephrology trainees among World Bank income groups and
ISN regions (Table 1). Overall, the global density of
nephrology trainees was 1.87 PMP. The prevalence of
nephrology trainees in high-income countries was more than
30-fold that in low-income countries (6.03 vs. 0.18) (Table 1).
The prevalence of nephrology trainees in lower-middle– and
upper-middle–income level countries was 0.78 PMP and 1.19
PMP, respectively. Seven of the 10 countries with the lowest
nephrology trainee densities were from the Africa ISN region,
again sub-Saharan Africa specifically: Ethiopia, Uganda,
Tanzania, Burundi, Ghana, Zambia, and Malawi. The other 3
countries were Indonesia and Cambodia (OSEA region) and
Ukraine (NIS and Russia region). In contrast, the 10 countries
with the highest nephrologist trainee densities were from
different ISN regions, including 3 from the Africa ISN region,
which contrasted sharply with the 7 African countries that
were in the lowest density list. Japan (North and East Asia ISN
region) reported the highest density followed by Kuwait
(Middle East ISN region), Libya (Africa ISN region), Croatia
(Eastern and Central Europe ISN region), Bahrain (Middle
East ISN region), Serbia (Eastern and Central Europe ISN
region), Norway (Western Europe ISN region), Greece
(Western Europe ISN region), Algeria (Africa ISN region),
and Egypt (Africa ISN region).

In the Africa ISN region, all sub-Saharan countries
reported trainee densities lower than the global average (1.87
PMP). Ethiopia (0.02 PMP), Uganda (0.05 PMP), and
Tanzania (0.06 PMP) reported the lowest densities. North
African countries reported the highest densities of trainees,
with Libya (18.72 PMP) first followed by Algeria (9.10 PMP),
Egypt (8.93 PMP), and Tunisia (5.44 PMP).

In the Eastern and Central Europe ISN region, most of the
countries reported trainee densities above the global average,
with Slovakia (0.92 PMP) being the exception. The highest
trainee density was reported by Croatia (13.44 PMP), fol-
lowed by Serbia (9.75 PMP), Slovenia (7.56 PMP), and
Lithuania (6.24 PMP).

In the Latin America and the Caribbean ISN region,
Colombia (0.43 PMP) and Peru (0.49 PMP) reported the
lowest trainee density, followed by Costa Rica (0.62 PMP) and
Chile (0.91 PMP). The highest density was reported by
Argentina (5.76 PMP), Uruguay (4.79 PMP), Dominican
Republic (3.15 PMP), and Brazil (2.20 PMP).

In the Middle East ISN region, Kuwait (20.62 PMP),
Bahrain (13.37 PMP), and Qatar (2.73 PMP) reported the
highest trainee densities. Iran (0.26 PMP) and Iraq (0.32
PMP) reported the lowest densities.

In the NIS and Russia ISN region, Armenia (3.44 PMP),
Belarus (2.19 PMP), and Russia (2.11 PMP) reported trainee
densities higher than the global average. In contrast, Ukraine
(0.23 PMP) and Kazakhstan (0.83 PMP) reported trainee
densities below the global average.

In the North America ISN region, United States reported a
nephrology trainee density (1.24 PMP) lower than the average
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global density. In contrast, Canada (2.14 PMP) reported a
density higher than the global average.

In the North and East Asia ISN region, there was the
greatest variation in trainee density within a region of all 10
ISN regions. Japan (35.46 PMP) reported one of the highest
trainee densities globally, while Taiwan (5.56 PMP), Hong
Kong (2.04 PMP), Mongolia (2.00 PMP), and South Korea
(1.12 PMP) reported significantly lower densities. China (1.46
PMP) reported the second lowest density in the region, yet it
reported the highest absolute number of nephrology trainees
(n ¼ 1667).

In the South Asia ISN region, all countries reported trainee
densities below the global average. India (0.24 PMP) and
Nepal (0.25 PMP) reported the lowest while Pakistan (1.26
PMP) and Bangladesh (0.71 PMP) reported the highest
densities.

In the Western Europe ISN region, all countries reported
trainee densities above the global average, except Israel (1.62
PMP). Netherlands (2.51 PMP), Belgium (2.65 PMP), and
France (5.26 PMP) reported the lowest trainee densities in the
region, while Norway (9.60 PMP), Greece (9.28 PMP), and
Spain (7.23 PMP) reported the highest.

Availability of nephrology training programs. Overall, 79%
of countries reported the availability of a nephrology training
program. Nearly all (97%) of high-income countries and 80%
of upper-middle– and lower-middle–income countries re-
ported having a program. Less than one-half (41%) of low-
income countries reported having a program (Figure 2a).

Across the 10 ISN regions, all countries (100%) in 5
ISN regions—North America, North and East Asia, NIS
and Russia, South Asia, and Western Europe—reported
availability of training programs. In the other 5 ISN regions,
the numbers of countries reporting training programs varied:
Eastern and Central Europe, 94%; Latin America, 88%;
Middle East, 77%; OSEA, 77%; and Africa, 52% (Figure 2a).

Structure and duration of nephrology training
programs. The structure of nephrology training programs
varied across countries. Overall, nephrology as a subspecialty
following general internal medicine was the most reported
training structure (56%). The next most reported structure
was a mixed system of subspecialty and solo training for
nephrology trainee depending on the region and/or training
center (27%). Few countries reported solo training alone
(9%) or other training arrangements (7%).

Overall, low-income countries reported training structures
that were either subspecialty following general internal
medicine (86%) or solo training (14%). Within the 3 other
income groups, disribution across the training structure
options showed minimum variation; there were similar per-
centage rates of countries in each income group reporting
each of the 4 different training structure options (Figure 2b).

Nephrology as a subspecialty following general internal
medicine was the most reported training structure across all
ISN regions except NIS and Russia (33%), South Asia (40%),
and North and East Asia (50%). Solo training was reported in
only 4 ISN regions: Africa, 24%; Eastern and Central Europe,
58
19%; Latin America, 7%; and NIS and Russia, 17%. A mixed
system was reported across all regions except North America,
where all countries (100%) in the region reported nephrology
training as a subspecialty. Other training arrangements were
reported in 4 ISN regions: Africa, 6%; Eastern and Central
Europe, 25%; Middle East, 10%; and Western Europe, 10%
(Figure 2b).

Of the countries (79%) that had a nephrology training
program, 2% had a less than 2-year program, 86% had a
program between 2 and 4 years, and 11% had a program of
more than 4 years. Across income groups, the majority of
programs were 2 to 4 years. All (n ¼ 6) training programs
offered in low-income countries were of this duration. Of the
11 countries that offered programs of more than 4 years, 55%
were high-income, 18% were lower-middle–income, and 18%
were upper-middle–income countries. Of these, 9% had a
program of more than 4 years (Figure 2c).

Overall, most countries in the 10 ISN regions had training
programs between 2 and 4 years. Programs of more than 4
years were reported in only 4 regions: Africa, 18%; Eastern
and Central Europe, 25%; Latin America, 14%; and Western
Europe, 20%. Programs of less than 2 years were reported in
only 2 regions: NIS and Russia (17%) and North and East
Asia (17%) (Figure 2c).

Shortages in health care providers in nephrology
workforce. A shortage in nearly all health care provider
categories essential to nephrology care was identified across
all ISN regions and World Bank income groups (Table 1).
Overall, the majority of countries reported a shortage in renal
pathologists (86%) and vascular access coordinators (81%).
Shortages were also reported by a majority of countries in the
following provider categories: dietitians (78%), transplant
coordinators (69%), dialysis nurses (69%), counselors and/or
psychologists (67%), social workers (62%), nurse practi-
tioners (NPs) (60%), and dialysis technicians (60%). Short-
ages of laboratory technicians, primary care physicians, and
pharmacists were reported by less than 35% of countries.
Notably, nearly three-quarters (74%) of countries reported a
shortage of nephrologists (Table 1).

Low-income countries reported renal pathologists and
dietitians as the provider categories with the highest shortages
(100%). Lower-middle–income countries reported renal
pathologists and transplant coordinators as the provider
categories with the highest shortages, with 94% and 91%,
respectively. Upper-middle–income countries reported renal
pathologists (87%), vascular access coordinators (87%), and
nephrologists (84%) as the categories with the highest
shortages. In high-income countries, yet again renal pathol-
ogists (72%) and vascular access coordinators (72%) were the
categories with the highest reported shortages. Overall,
shortages of all health care providers, with the exception
of primary care physicians (PCPs) and pharmacists, were
evident across all income groups (Supplementary
Figure S2A).

In the Africa ISN region, shortages in all providers were
reported by more than 36% of countries. The most frequently
Kidney International Supplements (2018) 8, 52–63
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reported shortages were of renal pathologists (100%) and
dietitians (91%). More than one-half of the countries re-
ported shortages of vascular access coordinators (88%),
transplant coordinators (85%), counselors and/or psycholo-
gists (82%), dialysis technicians (76%), dialysis nurses (76%),
and social workers (52%). Less than one-half of the countries
reported shortages of laboratory technicians (42%) and
pharmacists (36%). More countries reported shortages of
nephrologists (85%) than of NPs (58%) or PCPs (39%)
(Supplementary Figure S2B).

In the Middle East ISN region, most countries (85%) re-
ported shortages of nephrologists and renal pathologists.
More than three-quarters (77%) of countries reported
shortages of dialysis nurses, transplant coordinators, and di-
etitians. More than one-half (62%–69%) of countries re-
ported a lack of counselors and/or psychologists, vascular
access coordinators, and social workers. Less than one-half of
the countries reported shortages of dialysis technicians (46%),
pharmacists (46%), and laboratory technicians (23%). More
countries reported shortages of NPs (62%) than of PCPs
(23%) (Supplementary Figure S2B).

In the Latin American and Caribbean ISN region, all
countries (100%) reported a shortage of renal pathologists,
while only 25% of countries reported a shortage of phar-
macists. More than one-half of countries reported shortages
of vascular access coordinators (94%), dialysis nurses (81%),
transplant coordinators (69%), and dialysis technicians
(63%). Less than one-half of the countries reported shortages
of dietitians (56%), social workers (44%), counselors and/or
psychologists (44%), and laboratory technicians (38%). More
countries reported shortages of nephrologists (88%) than of
NPs (75%) or PCPs (38%) (Supplementary Figure S2B).

In the North and East Asia ISN region, all countries
(100%) reported shortages of both vascular access co-
ordinators and social workers. More than one-half of coun-
tries reported shortages of all providers with the exception of
pharmacists (17%) and laboratory technicians (17%). More
countries reported a shortage of nephrologists (67%) than of
NPs (83%) or PCPs (50%) (Supplementary Figure S2B).

In the South Asia ISN region, all countries (100%) re-
ported a shortage of transplant coordinators. Eighty percent
of countries reported shortages of all other providers. More
countries reported shortages of nephrologists (80%) than of
NPs (60%) or PCPs (40%) (Supplementary Figure S2B).

In the OSEA ISN region, all countries (100%) reported a
shortage of renal pathologists. More than 80% of countries
reported shortages of transplant coordinators (92%), vascular
access coordinators (92%), dietitians (92%), dialysis techni-
cians (85%), dialysis nurses (85%), counselors and/or psy-
chologists (85%), social workers (85%), and laboratory
technicians (62%). More countries reported shortages of NPs
(92%) than of nephrologists (85%) or PCPs (38%)
(Supplementary Figure S2B).

In the Eastern and Central European ISN region, most
countries reported shortages of vascular access coordinators
(82%), dietitians (76%), social workers (71%), counselors
Kidney International Supplements (2018) 8, 52–63
and/or psychologists (65%), renal pathologists (65%), and
dialysis nurses (59%). Less than one-half of the countries
reported shortages of transplant coordinators (47%) or dial-
ysis technicians (35%). Few countries reported shortages of
pharmacists (6%) or laboratory technicians (12%). More
countries reported shortages of nephrologists (59%) than of
NPs (47%) or PCPs (24%) (Supplementary Figure S2B).

In the NIS and Russia ISN region, all countries (100%)
reported a shortage of dietitians, whereas no country in the
region reported a shortage of pharmacists. More than one-
half of countries reported shortages of counselors and/or
psychologists (83%), transplant coordinators (67%), vascular
access coordinators (67%), social workers (67%), or renal
pathologists (67%). Few countries reported shortages of
dialysis technicians (33%), laboratory technicians (33%), or
dialysis nurses (17%). More countries reported shortages of
nephrologists (67%) than of NPs (50%) or PCPs (17%)
(Supplementary Figure S2B).

In the North America ISN region, the United States re-
ported a shortage in nephrologists, PCPs, NPs, dialysis tech-
nicians, dialysis nurses, and pharmacists. Canada reported no
shortage in any of the listed workforce. Overall, the North
American ISN region had the lowest reported shortage in
nephrology care providers (Supplementary Figure S2B).

In the Western Europe ISN region, renal pathologists
(70%) were the most frequently reported shortage. Fifty
percent of the countries reported shortages of dialysis nurses,
vascular access coordinators, social workers, and dietitians.
Less than one-half of the countries reported shortages in
counselors and/or psychologists (40%), dialysis technicians
(30%), transplant coordinators (20%), pharmacists (20%),
and laboratory technicians (20%). More countries reported
shortages of PCPs (30%) than of nephrologists (20%) or NPs
(20%) (Supplementary Figure S2B).

Discussion
Summary of results and implications. The survey results

showed marked inequities in the existing nephrology work-
force and training capacities between countries, within re-
gions, and across ISN regions and 2014 World Bank income
groups. There were significant differences in nephrologist and
nephrology trainee densities between high- and low-income
countries, an absence of nephrology training programs in a
large percentage of low-income countries, and shortages of all
nephrology care providers in all income groups. Most coun-
tries with nephrology training programs reported training
durations between 2 to 4 years, with few countries reporting
more than 4 or less than 2 training years. The majority of
countries reported their nephrology training structure as
subspecialty training following general internal medicine,
while the rest reported either solo training after primary
medical qualification or a mixed system depending on the
region and/or training center.

Gaps, threats, and opportunities toward sustainable provision
of nephrology workforce. This study has identified several
important gaps in the existing global nephrology workforce
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and training capacity. A key gap in kidney care was the sig-
nificant variation in nephrologist density across income
groups and ISN regions. This gap was most prominent in
low-income countries, which reported a nephrologist density
of just 0.31 PMP but accounted for more than one-half of the
world’s population. Africa, with more than 1.2 billion in
population, and South Asia, home of one-fourth of the
world’s population, had the lowest densities of nephrologists
(3.64 PMP and 1.17 PMP, respectively). These highly popu-
lated regions face the same increases in demand for health
services for noncommunicable diseases as the rest of the
world, in addition to the burden of communicable disease.10

The shortage can be attributed to many factors, such as
limited physician training capacity23 and immigration of
skilled workers across and between regions.24 Some oppor-
tunities to address this challenge include increasing workforce
retention by providing incentive and opportunities for pro-
fessional development locally in low-income countries and
adopting policies of fair recruitment in high-income coun-
tries.25 Another opportunity lies in building the scope of
PCPs in kidney care management.26

There was also a gap in nephrology trainee density. Low-
income countries reported a trainee density 30 times lower
than that of high-income countries. When analyzed by ISN
region, 7 of the 10 lowest densities were in sub-Saharan
Africa, and all countries from South Asia reported trainee
densities below the global average. In contrast, all countries
from North America and Western Europe reported densities
above the global average. Considerable disparity was also
found within ISN regions; for example, in the North and East
Asia ISN region, China reported a trainee density 30 times
lower than that of Japan. Although this study’s results showed
adequate current nephrology trainee densities in high-income
countries, many studies have shown decreased interest in the
field.14,27 Some high-income countries rely on foreign-trained
doctors to cover shortages in nephrology manpower. For
example, a study from Oman showed that the majority of
practicing nephrologists were expatriate physicians, with local
doctors representing only 14% of the workforce.28 In the
United States, a recent report showed that international
medical graduates represented 47% of active nephrologists
and 65% of nephrology trainees.29 A recent survey from
Canada suggested that, although the current nephrologist
workforce may have been adequate until now, the number of
trainees may not adequately meet future demand.30

Scaling up the current nephrologist workforce may not be
feasible, especially for low-income countries, because it re-
quires investment of time and money to produce highly
qualified nephrologists. However, countries who are short in
supply of nephrologists and face large demands for kidney
care may adopt alternative models of care in the short term.
One suggested approach is involving nursing and allied health
care professionals through task substitution and sharing to
increase efficiency of care and decrease nephrologist workload
while maintaining high standards and optimal patient
important outcomes.31,32 Countries may need 9 to 10 years to
60
produce 1 physician, and many countries with critical
shortages of nephrologists cannot afford the time lag, nor
possibly the cost of training. An at least partial solution may
be found in utilizing allied health care professionals, but it is
important that they be held to high standards of accreditation
and training in nephrology care to maintain the quality of
patient care.

Nephrology training programs were absent in many parts
of the world. Almost one-half of the Africa ISN region re-
ported a lack of nephrology training programs, and only 41%
of low-income countries had such training. This gap is a
major limiting factor for the abilities of countries to produce
the future nephrologist workforce and to achieve self-reliance
in providing kidney care to their populations. To scale up
their nephrologist workforce, countries need to focus on
producing local qualified professionals, ideally through part-
nerships with other countries and organizations with suffi-
cient resources to help them establish training programs. For
instance, as part of its building capacity and outreach initia-
tive, the ISN has a fellowship program for trainees to travel to
an advanced center to obtain skills and training and then
return to their home country to practice.33 Since its inception,
the program has sponsored more than 600 fellows.34

Another gap highlighted in this study was a shortage of all
nephrology care providers across all ISN regions and World
Bank income groups. The most frequently reported shortages
were in renal pathologists and vascular access coordinators.
Such shortages of health care providers exacerbate the adverse
impacts of nephrologist shortages on kidney care that exist in
many parts of the world. Health care policies in such coun-
tries should ideally cater to and support commensurate
scaling up of all nephrology care providers (such as NPs,
dialysis nurses, and physician assistants) rather than focusing
narrowly on nephrologists and/or physicians.

Strengths and limitations of the study. This is the most
comprehensive study of the global nephrology workforce and
training capacity to date. The study had a high response rate
and adequate representation of the world population
(>93%). An established method was used to define and
monitor current global nephrologist and nephrology trainee
capacities. Specifically, health workforce density was used to
estimate health workforce relative to the population size, as
recommended by the WHO in its building blocks of health
systems handbook.21 This indicator had the advantages of
being simple to calculate and analyze, and being easy to
understand and present to a broad audience. However, it did
not take into account all dimensions critical for health
workforce, such as quality, efficiency, accessibility and
geographic distribution of health workforce, and annual
output of health care graduates.21 This may have led to
underestimation of the actual capacity of the nephrology
workforce and warrants the need for further research. In the
present survey, countries provided information on availabil-
ity, duration, and structure of training. Other important
factors in addressing training capacity are quality of training,
volume, and location within the country, all of which were
Kidney International Supplements (2018) 8, 52–63
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beyond the scope of this paper. Physicians who specialize in
the management of kidney disorders (nephrologists) are the
primary providers of kidney care in many parts of the world.
However, depending on the region and health care setting,
other caregivers such as PCPs may assume the role of
nephrologists in providing kidney care. As there is no agreed
standard for nephrologist density, the current study used
calculated global densities of nephrologists and nephrology
trainees to describe each country’s and region’s current
nephrology workforce relative to the rest of the world.

Priorities and recommendations for action.
1. Scale up the current nephrology workforce through

training qualified providers by implementing evidence-
based, competence-based, and community-oriented
curriculums.35,36

2. Develop robust methodology to collect data and monitor
the current and future nephrology workforce.21

3. Increase use of allied health professionals to increase effi-
ciency and decrease the load on nephrologists through task
substitution and/or sharing while maintaining high stan-
dards and optimal patient-important outcomes.31,32,37–40

4. Leverage cost-effective technology to increase access to
specialist care while building the scope of PCPs and other
allied health professionals in managing and improving
outcomes of kidney patients.41–44

5. Augment research and scholarly activity in nephrology
workforce development, management, and maintenance.45

Future work. The results of this study show a significant
gap in the nephrology workforce. There is a need to move
beyond the numbers and conduct more research to ascertain
the other factors that influence workforce development and
monitoring, such as distribution within countries and
regions, demographics and age of the current workforce,
and annual graduation rate of nephrologists, PCPs, NPs, and
other nephrology health care providers. Moreover, there is a
pressing need to research how to maximize the roles of PCPs
and allied health professionals in sharing the management of
kidney disease with nephrologists.

In conclusion, this study involved examining global
nephrology workforce and training capacity, an essential
component of any country’s health care system and especially
important in nephrology to face the growing burden of kidney
disease globally. With the finding of shortages of nephrologists
and all health workforce related to nephrology, it can be
concluded that in most parts of the world, people who need
kidney care receive either suboptimal care or no kidney care at
all. The lack of necessary workforce can have huge implications
for individuals as well as for public health. Countries need to
scale up their current nephrology workforce, develop robust
methods to collect data on their human resources, and
implement short- and long-term policies to produce and
maintain a qualified and equitable nephrology workforce.

Methods
This cross-sectional survey was part of the GKHA project, an
initiative administered under the umbrella of the ISN to assess
Kidney International Supplements (2018) 8, 52–63
kidney care in all world regions. The survey was conducted across all
UN member states, with a particular focus on the 130 countries with
ISN affiliate societies. All 10 ISN regional boards (Africa, Eastern and
Central Europe, Latin America and the Caribbean, Middle East,
North America, North and East Asia, OSEA, NIS and Russia, South
Asia, and Western Europe) were sent an invitation letter to partici-
pate. Potential survey respondents were identified using a non-
probability, purposive sampling approach, and they involved key
stakeholders identified by the country and regional nephrology
leadership through the ISN, including at least 3 key representatives
per country sourced from national nephrology society leadership;
policy makers, including those involved directly with kidney care
organization (renal policy makers) and those with a more general
scope (nonrenal); and patients’ organizations, foundations, and
other advocacy groups. The survey was delivered electronically (via
SurveyMonkey).

The GKHA questionnaire was divided into 2 sections that
addressed the core areas of countries and regional capacity for kidney
care delivery. A detailed description of all survey sections has been
reported elsewhere.22,46

This study focused on the “Health Workforce for Nephrology”
module of the GKHA survey. It consisted of 9 items subdivided into
2 components: existing manpower capacity and nephrology training
capacity.

Survey respondents were asked about the absolute numbers of
nephrologists and nephrology trainees in their country. Density was
calculated by measuring the median of absolute numbers of
nephrologists and/or nephrology trainees reported by at least 3 key
representatives of each country and then converting it to PMP to
estimate numbers relative to the population size. The density overall,
and in each ISN region and World Bank income group, was calcu-
lated by the total number of nephrologists and/or nephrology
trainees divided by the total number of population. Survey re-
spondents were also asked about any perceived shortages in health
care providers essential to the nephrology workforce. Given the list
of staff categories, respondents were directed to indicate which ones
had shortages; they also had an option to indicate no shortage of any
of the staff listed.

Survey respondents were asked about the availability of a
nephrology training program (for physicians) in their country, and
details regarding the duration and structure of training. They were
also asked to select the training pathway most relevant to their
country from 4 options: (i) following general internal medicine; (ii)
solo training after basic qualification as medical doctor; (iii) a mix of
the first 2 options depending on region and/or training center; or,
(iv) other, with the option to provide details in an open-ended
response.

The term health workforce was defined as “all people engaged
in actions whose primary intent is to enhance health.”21 It was a
holistic definition that encompassed both health service delivery staff
and administration staff. The survey focused on nephrology
workforce—specifically nephrologists, dietitians, renal pathologists,
laboratory technicians, social workers, pharmacists, vascular access
coordinators, NPs, counselors and/or psychologists, transplant
coordinators, dialysis nurses, dialysis technicians, and general
practitioners and/or PCPs.
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