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ABSTRACT
Background  The WHO estimates a global shortage of 2.8 
million physicians, with severe deficiencies especially in 
low and middle-income countries (LMIC). The unequitable 
distribution of physicians worldwide is further exacerbated 
by the migration of physicians from LMICs to high-income 
countries (HIC). This large-scale migration has numerous 
economic consequences which include increased mortality 
associated with inadequate physician supply in LMICs.
Methods  We estimate the economic cost for LMICs due 
to excess mortality associated with physician migration. 
To do so, we use the concept of a value of statistical life 
and marginal mortality benefit provided by physicians. 
Uncertainty of our estimates is evaluated with Monte Carlo 
analysis.
Results  We estimate that LMICs lose US$15.86 billion 
(95% CI $3.4 to $38.2) annually due to physician migration 
to HICs. The greatest total costs are incurred by India, 
Nigeria, Pakistan and South Africa. When these costs are 
considered as a per cent of gross national income, the cost 
is greatest in the WHO African region and in low-income 
countries.
Conclusion  The movement of physicians from lower 
to higher income settings has substantial economic 
consequences. These are not simply the result of the 
movement of human capital, but also due to excess 
mortality associated with loss of physicians. Valuing 
these costs can inform international and domestic policy 
discussions that are meant to address this issue.

Introduction
In 2012, the New York Times magazine 
published a provocatively titled piece: 
‘America is stealing the world’s doctors’.1 The 
article featured the story of a Zambian doctor 
who left his country in pursuit of a career in 
the USA. The story described how physician 
brain drain—the migration of physicians 
out of low and middle-income countries 
(LMIC)—is driven by many factors, including 
poor working conditions, burnout and better 
opportunities abroad. The author wrote that 
with the migration of the Zambian doctor, 
‘the world’s richest country will have gained 

a bright young doctor. The loss to Zambia will 
be much greater.’ With this, the story conveys 
that while the motivation for any individual to 
migrate is deeply personal, the totality of this 
brain drain has profound public health and 
economic consequences.

It is estimated that there is a shortage of 2.8 
million physicians worldwide,2 with LMICs 
suffering the brunt of this burden.3 This 
physician shortage is exacerbated by physician 
brain drain, with some high-income countries 
(HIC) drawing as much as one-fifth of their 
physician workforce from LMICs.4 The cost 
of brain drain to LMICs has been quantified 
in economic terms by calculating the cost 
of educating LMIC physicians prior to their 
emigration.5–7 However, physician emigration 

Key questions

What is already known?
►► Previous studies attempting to estimate the eco-
nomic value lost when physicians emigrate from low 
and middle-income countries were specific to the 
African continent, and only calculate cost of emigra-
tion by quantifying the cost of educating a physician.

What are the new findings?
►► We expand the concept of economic losses due to 
physician migration by also incorporating mortality 
benefits that would have been realised had the phy-
sicians stayed in their country of origin.

►► We expand the scope of the estimates to include 
nearly all low and middle-income countries.

What do the new findings imply?
►► The large-scale migration of physicians from poor to 
rich countries results in a US$16 billion annual cost 
associated with excess mortality in low and middle-
income countries.

►► These data may inform low and middle-income 
country policies on expenditure for physician re-
tention, high-income country policies on physician 
recruitment and foreign aid, and international trade 
negotiations.
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represents a unique loss of resources for LMICs that 
includes the loss of direct financial investment and the 
loss of lives that emigrating physicians could have saved 
had they stayed in their country of origin—that is, a cost 
of excess mortality. This public health aspect on the cost 
of brain drain has not yet been calculated. In this study, 
we aim to provide a valuation of the cost sustained by 
LMICs due to physician emigration to HICs as it pertains 
to the mortality benefits provided by physicians.

Methods
Model development
Conceptual model
We conceptualised the excess mortality cost of physician 
brain drain as the economic value of the lives that physi-
cians could have saved had they stayed in their country 
of origin. This model required quantifying the economic 
value of a life, the lives that a physician saves and the 
number of physicians migrating from LMICs to HICs. 
To do this, we used the value of statistical life (VSL), an 
economic concept that places a monetary value on reduc-
tions in risk of mortality. To calculate the lives a physician 
saves we estimated the effect of physician density on two 
key parameters of public health: maternal mortality and 
under-five mortality. While this is not a comprehensive 
assessment of the mortality benefit provided by physi-
cians, it provides a conservative value. Finally, we used 
existing data on physician migration in which a physi-
cian émigré is defined as those who received their initial 
medical qualification in an LMIC and are currently regis-
tered to practise in an HIC. Some island nations, such 
as Grenada, with American-based medical schools were 
eliminated from this model as source countries. The 
conceptual basis of our model can be described as:

‍
Economic impact = VSL ∗ LS ∗ PA

‍

where LS is the number of lives saved per physician 
in a year, and PA is the number of emigrated physicians 
currently abroad.

Value of statistical life
VSL provides a monetary measure of welfare for assessing 
and comparing public health interventions. This number 
has been used to calculate the economic burden attrib-
uted to health problems and the cost-benefit ratios of 
addressing them.8 The VSL for each country was calcu-
lated using previously proposed models for adjusting VSL 
between countries with different income levels,9

‍

VSLi = VSLBase ∗
(

GNI PPPi
GNI PPPBase

)IE VSL

‍

where VSLi is the VSL of country i, VSLBase is the value 
to be adjusted based on the gross national income (GNI) 
per capita purchasing power parity (PPP), and IE VSL is 
the income elasticity of the VSL. For our main analysis, 
we have followed the recommendations by Robinson et 
al,10 and used a base VSL value of $9.4 million with a base 
GNI per capita PPP value of $57 900, and an IE of 1.5. 

Where the income-level adjustment leads the estimated 
VSL to be below 20 times the GNI per capita, we have 
used 20 times GNI per capita as the VSL value for that 
country.10 As an example, a country with a GNI per capita 
of half that of the base country would have an estimated 

VSL of 
‍

(
1
2

)1.5
≈ 0.35

‍
 times the base VSL.

An IE of 1.0 implies that individuals are willing to spend 
the same proportion of their income on mortality risk 
reductions regardless of income, while an IE >1 implies 
that this proportion is lower in lower income settings—
that is, that in low-income settings people are willing to 
spend a smaller portion of their income on mortality risk 
reduction. There is uncertainty as to what IE should be 
used when transferring VSL estimates. A recent study 
using panel data suggests an IE of 1.44.11 For interna-
tional transfers of VSL, Viscusi and Masterman12 suggest 
using an IE between 1 and 1.2 based on revealed pref-
erence studies; evidence from stated preference studies 
suggests an elasticity of 0.55 for higher income countries 
and 1.0 for lower income countries.13 Given the lack of 
consensus, we used an IE of 1.5 which has been used 
in a similar healthcare-based economic analysis14 and is 
supported by Robinson et al.10 This results in a lower VSL 
in lower income countries.

Lives saved by physicians
To estimate the effect of physician density on mortality, 
we performed a cross-country multivariable regression 
using the latest available data, controlling for previously 
accepted confounders that have independently been 
shown to affect population health.15 We performed sepa-
rate regressions using maternal mortality ratio (MMR) 
and under-five mortality ratio (U5MR) as dependent vari-
ables, with physician density, GNI per capita PPP, female 
literacy rate, nurse density and proportion of the popula-
tion living in absolute poverty as independent variables. 
We examined the pair-wise correlation between the inde-
pendent variables in order to assess collinearity.

To account for the fact that a single physician in a 
country with very few physicians provides a different 
benefit than a physician in a country with an abundance 
of physicians, we estimated the marginal effect (ie, elas-
ticity) of physician density on mortality. This was done 
with linear regression on logarithmically transformed 
data. Logarithmical transformation of the data also 
results in better model fit than using non-transformed 
data. We then calculated the proportional decrease in 
mortality that would be brought about by an increase in 
the number of physicians:

‍

Decrease = 1 − ŷ(P+PA)
ŷ(P) = 1 −

(
P+PA

P

)∂
‍

where y is the mortality measure, ∂ is the elasticity, PA is 
the number of physicians abroad and P is the number of 
physicians in a country. Finally, we obtained an estimate 
of the number of lives saved by multiplying the propor-
tional decrease with current absolute mortality rates.
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Table 1  Characteristics of studied low and middle-income countries, by WHO region and World Bank income group

n
GNI per capita 
PPP Population Physicians

Physicians abroad (percentage of 
physicians trained in region)

WHO region

 � Africa 45 3803 976 754 579 189 157 24 166 (11.3)

 � Americas 23 13 869 605 000 488 1 110 361 39 421 (3.4)

 � Eastern Mediterranean 12 8095 560 768 323 552 434 49 484 (8.2)

 � Europe 20 16 888 409 541 087 1 161 351 45 596 (3.8)

 � Southeast Asia 10 6357 1 903 375 205 1 064 199 80 437 (7.0)

 � Western Pacific 15 12 737 1 629 169 248 2 267 501 20 350 (0.9)

World Bank income group

 � Low income 28 1509 589 565 832 41 799 5204 (11.07)

 � Lower middle income 48 5984 2 901 804 530 2 054 239 137 976 (6.29)

 � Upper middle income 49 14 714 2 593 238 568 4 248 965 116 274 (2.66)

Total 125 9271 6 084 608 930 6 345 003 259 454 (3.93)

GNI, gross national income; PPP, purchasing power parity.

Final model
Our final model for estimating cost of physician brain 
drain from LMICs was:

‍

BDCost =
∑

i ∈ LMIC

j ∈
{

U5M, MM
}

VSLi ∗
(

1 −
(

Pi+PAi
Pi

)∂j
)
∗ AMij

‍

where AM is the absolute number of maternal and 
under-five deaths.

Statistical analysis
Monte Carlo estimation
Because of the uncertainty involved in measuring several 
of the input parameters of our model, we ran a Monte 
Carlo simulation with 10 000 runs. For the mortality meas-
ures, we constructed beta distributions using the uncer-
tainty intervals reported by the WHO. For the physician 
densities, we used a normal distribution with µ=¼*σ. For 
the mortality elasticities, we used t-distributions derived 
from the regression.

Sensitivity analysis
In addition to the Monte Carlo simulation, we also ran 
one-way sensitivity analyses on VSL values as proposed 
by Robinson et al.10 In one sensitivity analysis, IE was 
set to 1.0, and in a second, the VSL base values were set 
to match those used in an Organisation for Economic 
Co-operation and Development (OECD) meta-analysis.

Data sources
Data on the number of emigrated physicians were 
obtained from the OECD (​stats.​oecd.​org). For some HICs 
not covered in the OECD database, we used data from 
Bhargava et al.16 Data on the number of physicians and 
nurses by country, U5MR and MMR were obtained from 
the WHO (​www.​who.​int/​gho). Data for the independent 

variables in the regression were obtained from the World 
Bank World Development Indicators database (​databank.​
worldbank.​org). In each case, the most recent available 
data as of May 2017 were selected.

Absent or missing data
LMICs that were not in the OECD data set on physician 
migration were assumed to have no physician emigration. 
LMICs that did not have data on total number of physicians, 
GNI, U5MR or MMR were dropped from the analysis.

To handle missing data in the cross-country multivari-
able regression, we used multiple imputation by chained 
equation.17 The plausibility of imputations was assessed 
using diagnostic plots and by comparing the pooled 
regression results on multiply imputed data against those 
using ordinary listwise deletion.

Role of the funding source
No funding source had any part in study design, collec-
tion, analysis, and interpretation of data, writing the 
report, or the decision to submit the paper.

Data sharing
All data and codes used to produce the results in this 
study are available on request from the authors.

Patient and public involvement
Patients were not involved in this study.

Results
Characteristics of the included countries
One hundred and twenty-five LMICs were included in 
the study, covering a population of 6.3 million physicians, 
260 000 of whom have immigrated to the 23 included 
HICs. Overall, 3.9% of the world’s physicians trained 
in LMICs are currently practising in HICs, but there is 
considerable regional variability, ranging from 0.9% of 
physicians trained in the Western Pacific region to 11.3% 
in the African region (table 1).
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Table 2  Annual cost of physician emigration, by WHO region and World Bank income group

Total annual cost (million 
US$) % of gross national income

Cost per physician per 
year (thousand US$)

WHO regions

 � Africa 6425 (1572 to 15 414) 0.370% (0.091% to 0.888%) 293 (71 to 740)

 � Americas 1079 (216 to 2631) 0.020% (0.004% to 0.050%) 30 (6 to 78)

 � Eastern Mediterranean 3468 (610 to 8490) 0.205% (0.036% to 0.503%) 76 (13 to 194)

 � Europe 434 (75 to 1070) 0.013% (0.002% to 0.031%) 10 (2 to 26)

 � Southeast Asia 3804 (780 to 9042) 0.102% (0.021% to 0.243%) 49 (10 to 121)

 � Western Pacific 645 (132 to 1598) 0.005% (0.001% to 0.014%) 34 (7 to 86)

WB income groups

 � Low income 936 (233 to 2213) 0.258% (0.064% to 0.609%) 208 (51 to 530)

 � Lower middle income 10 582 (2352 to 25 350) 0.181% (0.040% to 0.434%) 82 (18 to 205)

 � Upper middle income 4337 (798 to 10 682) 0.020% (0.004% to 0.050%) 41 (7 to 105)

Total 15 855 (3384 to 38 245) 0.057% (0.012% to 0.138%) 66 (14 to 166)

Median (95% CI).
WB, World Bank.

Figure 1  Annual cost of physician emigration by WHO region and source of cost. Whiskers represent 95% CI. USD, US dollar.

Inputs to the model
The VSL and details of the physician density-mortality 
regression broken down by WHO region are demon-
strated in online supplementary appendix tables 1 and 
2. The mean predicted number of lives saved per physi-
cian per year is demonstrated in online supplementary 
appendix table 3.

The cost of physician migration
Our model suggests the cost of excess mortality due 
to physician emigration from LMICs is $15.86 billion 
annually (95% CI $3.38 to $38.25), or the equivalent of 
0.057% (95% CI 0.012% to 0.138%) of total LMIC GNI. 

The per cent of GNI lost is greatest in the African region 
(0.370%; 95% CI 0.091% to 0.888%) and in low-income 
countries (table 2). The majority (89%) of the cost is due 
to VSL lost from under-five mortality, while VSL lost from 
maternal mortality contributes 11% (figure 1).

India, Nigeria, Pakistan and South Africa sustain the 
greatest total costs (figure  2, online supplementary 
appendix table 4). When measured as a proportion of 
GNI, the greatest costs are incurred by the Congo, Ghana, 
Liberia and Sierra Leone (figure 3, online supplementary 
appendix table 4). As an income group, lower middle-
income countries have the greatest cost (67% of total 
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Figure 2  Physician migration patterns with arrows demonstrating direction of migration and arrow thickness proportional to 
cost of associated migration to source country.

Figure 3  Annual cost of physician emigration, expressed as a percentage of gross national income (GNI). HIC, high-income 
country; NA, not applicable.

cost), whereas low-income countries sustain the greatest 
proportion of GNI lost (0.26%, 95 CI 0.06% to 0.61%) 
(table 2).

Sensitivity analysis
Changing the VSL estimates for LMICs increased our 
estimates. When IE was set to 1.0, the estimated cost was 
$49.5 billion. When IE was set to 1.0 and the base VSL 
value was 3.0 million as estimated by the OECD, the esti-
mated cost was $30.5 billion.

Discussion
We estimate that LMICs lose nearly US$16 billion annu-
ally (95% CI $3.4 to $38.2) due to the cost of excess 
mortality that results from physician migration to HICs. 
The majority of this cost in our model is attributed to 
under-five mortality associated with lower physician 
density. When considering the excess mortality cost of 
brain drain as a percentage of GNI, the cost is greatest 
among low-income countries and in the African region. 
However, when total cost was assessed, it is greatest in 
lower middle-income countries and in the Southeast Asia 
and Eastern Mediterranean regions

Previous research evaluating the cost to LMICs of physi-
cian migration focused primarily on the cost of education. 
These studies, which were exclusive to the African conti-
nent, found the cost of educating a physician ranged from 
$29 898 to $65 997.5 6 These figures reflect a different 
conceptual cost of brain drain that is focused on the cost 
that LMICs incur based on what they have put in to training 
physicians. Our model moves beyond the interpretation of 
physicians as human capital and considers their produc-
tive function instead. Thus, we present cost as it pertains to 
what LMICs fail to receive out of the physicians they train. 
Our figures are several times higher than those of previous 
models on the cost of brain drain. Specifically, while Mills 
et al5 estimated the total overall ‘lost investment’ for sub-
Saharan Africa was $2.17 billion, we estimate the African 
region bears a cost of $6.4 billion yearly due to excess 
mortality owed to physician migration.

Further, our numbers reflect the cost of physician 
brain drain to LMICs each year that the current emigrated 
workforce remains out of the country. This incorpo-
rates the fact that brain drain does not result in a one-
time capital loss but rather continues to affect LMIC 
each year that their physicians are out of the country. 
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By focusing on mortality benefits that physicians bring 
to a given society and not just the cost of training them, 
we believe our models provide an important additional 
element in estimating the implications of physician 
migration.

Additionally, our analysis on a per-country basis and 
as a percentage of a country’s GNI can provide poli-
cymakers a data point for understanding one of the 
ways in which physician migration may affect a coun-
try’s economy. As an example, a policymaker in Nigeria 
would observe that our model suggests the excess 
mortality cost for Nigerian physicians who emigrate 
to HIC totals $3.1 billion annually (95% CI $0.8 to 
$7.5). This number is specific to Nigeria in a few crit-
ical ways: it accounts for the mortality benefit of physi-
cians at Nigeria’s current physician density and the VSL 
based on Nigeria’s current domestic economic situa-
tion. While it cannot be interpreted as a comprehen-
sive cost of physician migration, these annualised data 
may in part inform how much the country is willing to 
spend to improve physician retention. While individual 
motivations for migration are myriad, they include 
pursuit of higher salaries, improved work environ-
ment and quality of life18—factors that may be influ-
enced by domestic initiatives.19 Our data may provide 
some empirical basis for increasing domestic health 
spending targeted towards ensuring adequate posts for 
physicians and adequate remuneration.

The results of this study are also pertinent to HIC 
policymakers. Many HICs mitigate their own physi-
cian shortfalls by drawing on LMIC physicians.4 In 
the UK, more than one-quarter of the country’s physi-
cians are international medical graduates and more 
than three-fourths of these originate from LMICs.4 
This demand for foreign healthcare workers in HICs 
is driven in part by domestic HIC policies such as 
training numbers, pay and employment conditions,20 
with some HICs having adopted specific policies to 
promote physician immigration to compensate for 
domestic physician undertraining.21 Moreover, in 
some cases, health workers from LMICs are actively 
recruited by professional recruitment agencies and 
corporations.21 22 The Commonwealth,23 the Inter-
national Council of Nursing24 and the WHO25 have 
defined ethical principles for the international 
recruitment of health personnel which may be addi-
tionally informed by these data. Further, while these 
ethical statements are non-enforceable, some authors 
have raised idea of using World Trade Organization 
General Agreement on Trade Services to enforce fair 
recruitment practices.26 Our analysis may provide 
important values for such trade negotiations.

While we provide a policy-relevant analysis of the cost of 
excess mortality in LMICs owed to physician migration to 
HIC, our findings must be interpreted with care. First, our 
model assumes a causal relationship between physician 
density and mortality, whereas the underlying data can 
only show association. While mortality may be related to 

physician density, there are numerous other confounders 
that my influence this correlation. Moreover, our study 
uses mortality as an outcome variable—parameter that 
not all types of physicians are likely to affect as many 
physician interventions target morbidity or quality of life. 
Thus, our data are not meant to be interpreted at the 
level of an individual physician, but rather at the aggre-
gate level of physician density. Our estimated effects of 
physician density on mortality are consistent with those 
of previous cross-sectional studies.15 27 Additionally, longi-
tudinal panel data regressions28 and data from natural 
experiments in Japan,29 Germany30 and Indonesia31 seem 
to suggest a larger effect than our model implies, which 
would suggest our overall estimates are conservative. 
Additionally, the model predicts a rather limited effect 
on mortality, ranging from an average of 1.72 lives saved 
per physician per year in the WHO African region, to 
0.01 in the WHO Europe region.

Additionally, we only consider under-five mortality and 
maternal mortality. It is likely that increased physician 
density is also associated with decreased non-maternal 
adult mortality, which is not incorporated into our 
model. Moreover, our model does not adjust for selection 
bias in the specialty of these physicians or the quality of 
physicians who emigrate. Recent work has demonstrated 
that foreign graduates in the USA perform at or above 
the level of their American counterparts, suggesting that 
emigrating physicians might represent ‘some of the best 
physicians in their country of origin’,32 again rendering 
our estimate conservative.

A third limitation is our use of extrapolated data for 
VSL. While it would be ideal to use VSLs that were deter-
mined individually for each country, such data are not 
available.9 Our sensitivity analysis allows us to demon-
strate what the total costs of physician migration would 
be if different VSLs are used. In our main results, we 
present the smallest of these estimates.

A large degree of uncertainty exists around several of 
our input parameters, including the current number 
of maternal and under-five deaths and the number of 
remaining and emigrated physicians. As a direct conse-
quence of this, CIs produced by the model are wide. We 
have accounted for the uncertainty of key inputs by using 
the Monte Carlo method.

Finally, our model is not exhaustive in calculating 
the cost of physician migration and reflects only one 
dimension of economic valuation. Undoubtedly, there 
are costs and benefits incurred from physician migra-
tion beyond our estimates. Just a few examples include 
the economic benefit to the countries that receive the 
migrants, the benefit from exchange of ideas, the effects 
on physician productivity and effects on physician salary. 
Notably, we do not account for remittances to LMICs 
from physicians. While it has been suggested that remit-
tances offset the cost of brain drain to LMICs, the true 
amount of such remittances is unknown and recent 
studies have suggested that remittance rates among 
healthcare workers are lower than expected.19 33 We 
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believe the economic consequences of physician migra-
tion are determined by an innumerable set of factors and 
no single model can fully value the total cost. Our model 
aims to provide a simple and easily understood value that 
policymakers can use as one data point for valuing the 
cost of physician migration. Our model should not be 
interpreted as a comprehensive valuation.

Conclusion
We find that the cost to LMICs of current physician 
migration to HIC is approximately US$16 billion each 
year (95% CI $3.4 to $38.2). In some countries, the value 
of this loss amounts to more than 0.5% of the GNI each 
year. In our modelling analysis, we build on previous esti-
mates of the cost of brain drain by considering the lost 
mortality benefit associated with physician migration. We 
also expand our estimates outside of the African conti-
nent and consider all countries with available data. The 
modelled numbers we present can serve as benchmarks 
for understanding the cost of brain drain vis-à-vis health 
spending and are likely to prove valuable to LMIC and 
HIC policymakers as they seek to produce equitable 
health outcomes worldwide.
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