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Abstract 

Background  Globally, HIV, TB and malaria account for an estimated three million deaths annually. The Global 
Fund partnered with the World Health Organization to assist countries with health workforce planning in these 
areas through the development of an integrated health workforce investment impact tool. Our study illustrates 
the development of a user-friendly tool (with two MS Excel calculator subcomponents) that computes associations 
between human resources for health (HRH) investment inputs and reduced morbidity and mortality from HIV, TB, 
and malaria via increased coverage of effective treatment services.

Methods  We retrieved from the peer-reviewed literature quantitative estimates of the relation among HRH inputs 
and HRH employment and productivity. We converted these values to additional full-time-equivalent doctors, nurses 
and midwives (DNMs). We used log-linear regression to estimate the relation between DNMs and treatment service 
coverage outcomes for HIV, TB, and malaria. We then retrieved treatment effectiveness parameters from the literature 
to calculate lives saved due to expanded treatment coverage for HIV, TB, and malaria. After integrating these estimates 
into the tool, we piloted it in four countries.

Results  In most countries with a considerable burden of HIV, TB, and malaria, the health workforce investments 
include a mix of pre-service education, full remuneration of new hires, various forms of incentives and in-service train-
ing. These investments were associated with elevated HIV, TB and malaria treatment service coverage and additional 
lives saved. The country case studies we developed in addition, indicate the feasibility and utility of the tool for a vari-
ety of international and local actors interested in HRH planning.

Conclusions  The modelled estimates developed for illustrative purposes and tested through country case studies 
suggest that HRH investments result in lives saved across HIV, TB, and malaria. Furthermore, findings show that attain-
ment of high targets of specific treatment coverage indicators would require a substantially greater health workforce 
than what is currently available in most LMICs. The open access tool can assist with future HRH planning efforts, 
particularly in LMICs.
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Introduction
In 2000, the United Nations (UN) committed mem-
ber states to a series of Millennium Development Goals 
(MDG) to achieve by 2015. The sixth goal of the MDG 
focused increased international attention on combating 
HIV, tuberculosis (TB), and malaria [1]. From 2000 to 
2015, the massive international response to HIV, TB and 
malaria markedly reduced global incidence and mortality 
of these three conditions [2]. Researchers estimate that 
concerted efforts, including those arising from large initi-
atives, such as the Global Fund to Fight AIDS, Tuberculo-
sis and Malaria, saved over 50 million lives [3–6]. Most of 
these reductions concentrate in low- and middle-income 
countries (LMIC). HIV, TB and malaria, however, con-
tinue to be among the leading causes of disease in LMICs 
and account for an estimated three million deaths annu-
ally. These conditions, therefore, demand continued 
attention, as indicated by target 3.3 of the UN’s Sustain-
able Development Goal agenda for the year 2030.

Given the long-standing international focus on HIV, 
TB, and malaria, now sustained into target 3.3 of the 2030 
Sustainable Development Goals, the Global Fund (GF) 
partnered with the World Health Organization (WHO) 
to assist countries with health workforce planning to 
serve the above disease areas, and broader health systems 
programmes as applicable. This partnership coheres with 
the broader “WHO Global Strategy on Human Resources 
for Health: Workforce 2030” plan which encourages 
development partners and global health initiatives to 
leverage their support to health systems in countries to 
strengthen the health workforce.

One area identified as a major gap in workforce plan-
ning is the lack of a user-friendly tool to clearly translate 
investments made in the health workforce into quan-
tifiable estimates of health benefits, in particular, due 
to reduced HIV, TB, and malaria burden. Each of these 
diseases has cost-effective interventions which can be 
delivered by health workers. For this reason, investments 
in health workers may plausibly increase the number of 
people receiving preventive, treatment or care services 
for these diseases. Increases in treatment coverage, in 
turn, would save lives. The creation of a user-friendly tool 
that connects various types of health workforce invest-
ments to lives saved may allow estimating the results 
of allocation of governmental and nongovernmental 
resources.

The overarching aim of our paper is to illustrate the 
feasibility of developing a user-friendly tool [7] (with 
two MS Excel calculator subcomponents) that computes 
associations between human resources for health (HRH) 
investment inputs and reduced morbidity and mortality 
from HIV, TB, and malaria. A secondary aim is also to 
highlight the potential of the tool in understanding the 

impact (in previously unexplored dimensions) of HRH 
investments. We use recent health workforce, treatment 
service coverage, and global burden data to estimate the 
relationship between workforce investments, treatment 
service coverage, and lives saved. Our analysis, moreo-
ver, builds upon well-established methods and reports 
which show positive relations between health workforce 
and treatment service coverage for a wide range of con-
ditions [8–13]. Given the significant investments WHO 
and GF make in health workforce in LMICs, and the 
large burden of HIV, TB, and malaria in these countries, 
we focus our tool on the end-user in a typical LMIC set-
ting, though it may be applied in resource-rich contexts 
where fitting. The key research questions guiding the 
analysis are (i.) does investment in HRH improve health 
outcomes through an improved coverage of HIV, TB 
and malaria services? (ii.) What are the health workforce 
requirements to allow a scale-up of coverage of HIV, TB 
and malaria services?

As part of the tool development process, the calculator 
was pilot-tested to check for feasibility of use in selected 
LMICs. Here, we report results from models estimating 
the relationships among workforce investments, treat-
ment service coverage, and lives saved due to reduced 
HIV, TB, and malaria. Next, we provide country profiles 
of Zambia and Pakistan, resulting from the pilot of the 
tool. We conclude with a discussion of the various ways 
our tool could assist with HRH planning and evaluation.

Methods
Conceptual model
Figure  1 provides the conceptual model by which HRH 
investments may translate into health impact in the areas 
of HIV, TB and malaria. HRH investments on the left box 
are considered inputs, which include investments in not 
only additional workers but also in productivity of cur-
rent workers. These inputs improve the outputs of HRH 
availability and performance, which in turn translate into 
increase treatment coverage outcomes for HIV, TB, and 
malaria cases. When treatment rates increase for, say, 
antiretroviral therapy (ART) coverage for HIV patients, 
this improvement translates into a health impact of 
reduced HIV morbidity and mortality.

We focus on five specific types of HRH inputs (Fig. 2), 
These include pre-service education, full salary remu-
neration, increase in remuneration, incentive schemes, 
and in-service training. HRH inputs either add new 
workers or enhance productivity of current workers. The 
increased density of workers and improved performance, 
according to the conceptual model, both contribute to 
improved treatment service coverage and, ultimately, 
health impact.
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Analysis
To the extent that the arrows in the conceptual model 
capture true associations across the inputs, outputs, 
outcome and impact, a workforce tool which formalizes 
these associations would assist in HRH planning efforts. 
We, therefore, conducted an in-depth analysis to quan-
tify these associations. We proceeded with the following 
steps. First, we retrieved from the most up-to-date peer-
reviewed literature quantitative estimates of the relation 
among HRH inputs and HRH outputs. We converted 
these HRH outputs to additional full-time-equivalent 

(FTE) doctors, nurses and midwives (DNM). We speci-
fied these three occupational groups to be consistent 
with the literature estimating desired workforce density 
in LMICs [14] and for practical considerations, given 
that data availability for other occupational groups is lim-
ited. In addition, we included community health workers 
(CHW) and a category of health workers that is modifi-
able by end-user, with the default category being clinical 
officers (CO), in the end-user tool by applying a produc-
tivity multiplier empirically identified in the literature 
[15–19].

•Pre-service educa�on
•In-service training
•Full salary remunera�on
•Salary pay raises
•Incen�ves (e.g., P4P)

Inputs

•Improved HRH availability
•Improved HRH 

performance

Outputs
•Increased service 

coverage for
•HIV
•TB
•Malaria

Outcomes

•Reduced mortality
•Reduced incidence/ 

prevalence

Impact

Fig. 1  Conceptual model to assess health impact of HRH investment

Fig. 2  HRH investment pathways that affect HRH availability and performance
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Second, we estimated the relation between DNM and 
treatment service coverage for HIV, TB, and malaria. 
Third, we retrieved treatment effectiveness param-
eters from the literature to calculate lives saved due to 
expanded treatment coverage for HIV, TB, and malaria. 
Below, we provide a brief overview of these three steps 
and refer the reader to Additional file  1 for the techni-
cal details explaining the model of the impact tool, and 
Additional file  2 for  the  technical details explaining the 
approaches to estimating the relationship between HRH 
density and service coverage.

Step 1: Translating investments into DNM employment 
and productivity
We focused our literature review on the five HRH invest-
ments indicated in Fig.  2: pre-service education, full 
salary remuneration, salary pay raises, incentives, and 
in-service training. Regarding pre-service education, we 
found no quantitative study that provided a global, sys-
tematic and generalizable estimate of the graduation rate 
among health education institutions in LMICs or the rate 
of employment of new graduates. We, therefore, set as a 
default in the tool a graduation rate of 80% for students 
enrolled in pre-service education programmes. As we 
acknowledge that graduation rates may vary dramatically 
across LMICs, the tool also allows end-users to input 
graduation rates specific to their settings. Among these 
graduates, the tool postulates that additional FTE salary 
support is needed to increase the number of graduates 
who go on to be fully employed as DNMs. Next, for the 
full salary remuneration input, increasing the employ-
ment of already-trained health workers in the health 
sector will add to the HRH workforce. We assumed that 
each new job employs one FTE DNM (assuming an 8-h 
workday).

Worker retention remains a key issue in HRH work-
force planning. Increasing the salary of currently 
employed DNMs is one possible approach to retain 
health workers in their job [20]. One key study in LMICs 
by Rockers et  al. [21] serves as the basis for estimating 
the additional salary needed to retain DNMs. This dis-
crete choice experiment calculated the willingness-to-
pay value that healthcare workers were willing to trade 
for other job characteristics. The willingness-to-pay value 
provides a monetary value of how much it is worth for a 
healthcare worker to stay or leave his/her current posi-
tion, thus affecting the DNM labour supply. Results from 
the LMIC study indicate that a 54% increase in salary is 
necessary to retain 1 FTE DNM.

A comprehensive meta-review on the effects of inter-
ventions on performance of existing HRH workers, which 
includes financial incentives and in-service training, 
was conducted by Rowe et al. [22]. The authors derived 

a summary measure to aggregate measured effect sizes 
across 670 reports from 337 peer-reviewed publications, 
including 118 types of strategies, many of which included 
multiple intervention components. Results of the meta 
review indicated that, on average, financial incentives 
improved productivity by 1.2% points, whereas in-service 
training improved productivity by 11.5% points. Because 
the DNM productivity estimates were not specific to any 
disease, we assumed the same productivity values for 
DNM in improving HIV, TB, and malaria services.

Step 2: Relation between DNM and treatment service 
coverage
The relation between DNM concentration and HIV, TB, 
and malaria service coverage was estimated using the 
most recently, and publicly available DNM data to WHO 
at the time of our tests (i.e., through the WHO National 
health Workforce Accounts database hosted in its Global 
Health Observatory). These data include DNM density 
(i.e., DNM per 1000 population), with country-level UN 
Population Estimates [23] serving as the denominator.

Next, from various data sets archived in the World 
Bank’s Health Nutrition and Population Statistics data-
base (https://​datat​opics.​world​bank.​org/​health/), we iden-
tified 29 candidate treatment coverage indicators for HIV, 
TB, and malaria for which LMIC data are publicly avail-
able. Many of these coverage indicators were believed to 
relate to the conceptual framework, such that increases 
in DNM density in a country could plausibly lead to 
increases in the coverage rates of that treatment service. 
Based on this logic, candidate treatment indicators were 
examined using ordinary least-squares regression. This 
regression framework assumes a curvilinear, or “dimin-
ishing returns,” relation between DNM and treatment 
coverage. In separate regressions, we estimated the rela-
tion between each of the candidate indicators (depend-
ent variables) and the natural logarithm of the number of 
DNM per 1000 population (independent variable). In the 
base specification, the number of observations was the 
total number of LMICs analyzed.

This analysis yielded four treatment service indicators 
with a positive and statistically detectable (i.e., p < 0.05) 
association with DNM concentration:

1.	 Antiretroviral therapy (ART) coverage (% of people 
living with HIV),

2.	 Percentage of pregnant women with HIV who 
receive ART to prevent mother-to-child transmission 
(PMTCT),

3.	 Tuberculosis treatment coverage: (number of new 
and relapse tuberculosis cases per number of inci-
dent cases); and

https://datatopics.worldbank.org/health/
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4.	 Percentage of children < 5  years with fever who 
sought treatment at any facility (an indicator of treat-
ment for malaria)

Regression results for the four separate treatment ser-
vice indicators appear in Table  1 (see  Additional file  2 
for technical details). The parameters for HIV, TB and 
malaria in the DNM coefficient column were used to esti-
mate the gains in treatment service coverage associated 
with investments in DNM.

Step 3: Lives saved due to expanded treatment service 
coverage
We reviewed the most up-to-date literature that esti-
mates the effectiveness of the four HIV, TB, and malaria 
treatment services in LMICs (identified from the regres-
sion results showing positive associations with DNM 
density, in Table 1) in reducing mortality. Table 2 sum-
marizes, by treatment indicator, estimates from the 
literature that we used to quantify lives saved in the cal-
culator. We refer interested readers to the model of the 
impact tool [see Additional file 1] for technical details on 
the calculations in the table.

Benchmarking alternative
What DNM density is needed for target treatment coverage?

Based on conversations with end-users in LMICs, it 
became clear that users may benefit from an additional 
functionality of the tool which answers the question: how 
many additional DNMs would be needed in my country 
to attain a pre-identified “target” of treatment coverage? 
For example, this benchmarking alternative would per-
mit the user to examine, for their country, the additional 
DNMs needed to attain the hypothetical treatment cov-
erage target of 90% ART coverage for all persons with 
HIV. To arrive at this component of the calculator tool, 
we used observed DNM densities for countries with 
high percentages of treatment coverage and applied data 
envelopment analyses for countries with lower treatment 
coverage. Full methodologic details can be found in the 
approaches to estimating the relationship between HRH 
density and service coverage [see Additional file 2].

Results
The synthesis of steps 1–3 appear in the “Lives saved” 
component of the calculator (MS Excel) tool in which 
the end-user enters HRH inputs and receives estimates 

Table 1  Regression results predicting percent coverage of four separate treatment service indicators as a function of the natural 
logarithm of the number of DNM per 1000 population

a The number of countries analysed differed for each indicator owing to varying data availability for treatment service indicators across countries

Indicator Na DNM Coeff SE p value Intercept

ART coverage for HIV 129 5.30 2.20   0.02 41.70

ART coverage for PMTCT​ 104 7.42 2.27 0.002 60.27

Tuberculosis treatment coverage 201 9.22 1.30  < 0.001 63.59

Children < 5 sought treatment for fever 70 6.05 1.8 0.002 61.86

Table 2  Summary of “lives saved” estimation approach for HIV, TB, and malaria

Indicator Lives saved Country-level data from end-
user

Key assumptions

ART coverage for HIV 5.11 lives saved per 100,000 
population for each 1 percent-
age point increase in ART 
coverage

• Population size (optional: HIV 
prevalence)

• Effectiveness of ART coverage is similar to that of 
average effectiveness in Nigeria and South Africa

ART coverage for PMTCT​ 12.5 child deaths averted 
for every 100 additional HIV posi-
tive women on ART for PMTCT​

• Percent of pregnant women 
who are HIV + that receive ART 
for PMTCT​

• Effectiveness of ART coverage for PMTCT is similar 
to that of 21 sub-Saharan countries

Tuberculosis treatment 
coverage

1 life saved for every 3 TB cases 
treated

• Estimated number of all TB 
cases (detected)
• TB treatment success rate

• TB treatment success rate remains fixed, regard-
less of level of TB treatment coverage

Children < 5 years sought 
treatment for fever

0.46% decline in count of < 5 
malaria deaths for each percent-
age point increase in treatment-
seeking

• Number of malaria-related 
deaths for under five children

• If a child seeks treatment for fever at a facility, 
they receive a diagnostic test for malaria
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of lives saved due to a reduced burden of HIV, TB, and 
malaria. We provide an example of the functionality of 
the “lives saved” component using a fictional country 
“XYZ” as well as an example of the “coverage target” 
benchmarking component of the tool. We then high-
light two case-studies using actual HRH and epidemio-
logic data for Zambia and Pakistan [7].

To permit ease of following the fictional example, we 
will focus our country exercise on only one treatment 
indicator: antiretroviral therapy (ART) coverage for 
people living with HIV. “XYZ” is lower-middle income 
country with a population of 40 million, a current 
DNM density of 1.85 per 1000 population, a high HIV 
burden and an ART for HIV coverage of 64%. The fol-
lowing assumptions for five separate HRH investments 
relate to country “XYZ”.

•	 Investment 1: Assuming a cohort of 400 students, 
90% of whom graduate per year, increase support 
for new graduate jobs by 80% leads to an additional 
density of 0.007.

•	 Investment 2: There is a 1:1 correspondence 
between the number of health workers hired and 
those added to the workforce.

•	 Investment 3: A 54% increase in remuneration leads 
to retaining 1 FTE DNM.

•	 Investment 4: Giving a remuneration increase leads 
to a performance increase of 1.2 percentage points.

•	 Investment 5: Giving in-service training leads to a 
performance increase of 11.5 percentage points.

Country “XYZ” plans to invest in a variety of areas. 
The country will increase the number of DNM gradu-
ates entering the labour market by supporting 80% 
more jobs for new graduates, increase salary pay by 
10% for 10,000 DNMs, and provide in-service train-
ing to 10,000 CHWs. Table 3 provides the estimates of 
additional ART coverage for HIV and lives saved asso-
ciated with these incremental HRH investments. Based 
on these inputs, ART coverage for HIV would increase 
from 64% to 64.092%, resulting in a corresponding 188 

additional lives saved. If, alternatively, country “XYZ” 
used the “coverage target” component of the tool to 
estimate the number of additional DNMs needed to 
achieve 80% ART coverage, this estimate produces 
120,800 additional DNMs needed. Another way to 
interpret this result is that, given the current 64% ART 
coverage and the current DNM density of 1.85 per 1000 
persons, achieving 80% ART coverage would require an 
additional 2.71 DNM per 1000 persons.

Selected case studies with actual HRH 
and epidemiologic data (as of 2019)
Zambia
Zambia is a lower-middle-income country in south-
central Africa with an estimated population of 16.6 
million and DNM density of 0.54 per 1000 popula-
tion. Zambia is challenged with a substantial burden 
of HIV, TB, and malaria. The number of pregnant 
women who received ART for prevention of mother-
to-child transmission is 56,543 and TB cases are esti-
mated at 62,000. Malaria is endemic and the number 
of malaria-related deaths is estimated at 7618.

The accountable workforce investments currently 
supported by the Global Fund in Zambia include pre-
service training only for CHWs (n = 216), full remu-
neration of new hires (n = 557) and salary pay raises 
(n = 557). These investments span across the nursing 
and midwifery workforce, clinical officers, and com-
munity health workers. The data indicate that there 
was no investment made in medical doctors. The 
modelled estimates suggest that investments sup-
ported by the Global Fund resulted in 176 additional 
lives saved across the four treatment coverage areas, 
but the highest proportion of lives saved appears to 
have occurred through increased coverage of ART for 
HIV treatment.

If Zambia’s goal was to increase service coverage 
treatment by 5%, the additional DNM density needed 
would range from 0.45 to 2.42 DNMs per 1000 popu-
lation depending on the specific treatment service 
provided.

Table 3  ART treatment coverage increase and HIV lives saved associated with a hypothetical set of HRH investments in country XYZ 

HRH investment Additional ART treatment coverage (percentage 
points)

Additional 
lives saved

Increase the number of graduates entering the labour market by supporting 
80% more jobs for new graduates

0.01 20.4

Increase salary pay by 10% for 10,000 DNM 0.032 65.4

Give in-service training to 10,000 CHWs 0.05 102.2

Total 0.092 188
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Pakistan
Pakistan is a lower-middle-income country in the 
WHO Eastern Mediterranean Region. It has an esti-
mated population of 189.4 million people and a DNM 
density of 0.32 per 1000 population. Pakistan faces the 
challenge of a substantial HIV, TB and malaria burden. 
The yearly number of pregnant women who receive 
ART for PMTCT is 532, and (notified) TB cases are 
estimated at 334,742. Malaria is endemic, and the num-
ber of malaria-related deaths is estimated at 138 per 
annum.

The accountable workforce investments currently sup-
ported by the Global Fund in Pakistan include pre-ser-
vice training for CHWs (n = 51), doctors (n = 25), nurses 
and midwives (n = 20), full remuneration of new hires 
(n = 254) and salary pay raises (n = 1844). These invest-
ments span across medical personnel, the nursing and 
midwifery workforce, support personnel and CHWs. 
The modelled estimates suggest that HRH investments 
supported by the Global Fund resulted in approximately 
367 additional lives saved across the four treatment cov-
erage areas. The highest proportion of lives saved appear 
to have occurred through increased coverage of ART for 
HIV treatment. Pakistan has a goal of increasing treat-
ment service coverage by 9%, 28%, 23% and 13% for ART 
for HIV, and ART for PMTCT, TB and children under 5 
seeking treatment for fever, respectively. The additional 
DNM density needed will range from 0.09 to 7.03 DNMs 
per 1000 population depending on the specific treatment 
provided for the aforementioned service areas.

Discussion
Governmental and non-governmental organizations con-
tinue to prioritize efforts to reduce the global burden of 
disease, and HIV, TB and malaria have received dedicated 
attention for over two decades. To assist stakeholders in 
LMICs with HRH workforce planning to combat these 
diseases, we developed an open access, user-friendly cal-
culator tool featuring two MS Excel components—“Lives 
saved” and “Coverage target”. The tool demonstrates the 
feasibility of estimating improvements in service treat-
ment and lives saved for HIV, TB and malaria following 
investments in the HRH workforce. Our review of the lit-
erature, as well as the empirical results of our novel ana-
lytic methodology, indicate positive associations among 
HRH investments, four key treatment service indicators, 
and health impact on the burden of HIV, TB, and malaria. 
In addition, pilot tests from LMICs, reported here and 
elsewhere [7], confirm the feasibility of using the tool to 
assist with HRH planning.

In most countries with a considerable burden of HIV, 
TB, and malaria, the health workforce investments 

supported in the context of programmes funded by global 
health initiatives such as the Global Fund include a mix 
of pre-service training, full remuneration of new hires, 
various forms of incentives and in-service training. These 
investments span across DNMs and CHWs. The invest-
ments, based on five pilot studies (which are reported 
here and in a separate publication [7]), typically occurred 
among CHWs. The modelled estimates developed for 
illustrative purposes and through country case studies 
suggest that HRH investments result in lives saved across 
the four treatment coverage areas. Furthermore, they 
show that attainment of high targets of specific treat-
ment coverage indicators would require a substantially 
greater health workforce than what is currently available 
in most LMICs. Whereas investment in existing workers 
to improve their competencies and productivity is one 
useful approach, increasing the total number of HRH 
workers in these contexts represents a crucial long-term 
effort to achieve reductions in the burden of HIV, TB, 
and malaria, echoing predictions elsewhere [24]. Govern-
ment strategies to increase the education and employ-
ment of the health workforce should provide the policy 
and investment framework to operationalize the support 
provided by development partners. In addition, we wel-
come partnering with other LMICs to further pilot-test, 
refine, and augment the model in future iterations.

The applicability of the workforce tool depends on 
availability of HRH output data as well as epidemiologic 
data. This information would include the country’s num-
ber of new health workers entering the workforce and 
the existing number of health workers trained, remuner-
ated, incentivized or otherwise supported. Programmes 
and development partners, such as the Global Fund, that 
make a substantial investment in HRH should consider 
requiring the reporting of LMIC-specific information on 
these investments. Such required reporting would per-
mit better tracking of “value added” from HRH invest-
ments and enable more precise estimates of the relation 
between HRH inputs and specific treatment service 
outputs.

Strengths of the tool include its user-friendly nature, 
in that our country counterparts for the piloting exer-
cise could navigate and understand the various HRH and 
global burden data inputs. In addition, the most up-to-
date literature and our empirical findings support posi-
tive associations between HRH inputs and health impact 
for HIV, TB, and malaria. Whereas components of the 
conceptual model have been applied in previous exercises 
to develop general benchmarks of DNM densities [25–
27], we know of no prior effort which permits tailoring 
HRH evaluation to the particular country context. The 
current tool, moreover, gives the end-user substantial 
flexibility in entering various HRH investment scenarios, 
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such that they could compare the influence of these sce-
narios on HIV, TB, and malaria treatment coverage.

A key limitation involves the descriptive nature of the 
associations discovered in our regression results. We 
used cross-sectional information to estimate the associa-
tions between country-level DNM density and treatment 
service coverage for HIV, TB, and malaria. The estima-
tion strategy does not account for potential “third” vari-
ables which could cause both gains in DNM density and 
health. We, therefore, caution against interpreting as 
causal, the associations which underpin the HRH tool.

We also acknowledge a detailed set of simplifying 
assumptions (see  Additional file  1). For instance, we 
assumed that new HRH investments do not affect exist-
ing HRH dynamics (e.g., inflows from immigration, out-
flows from departures or retirements). In addition, we 
applied the co-treatment rate for HIV/TB co-infected 
individuals, averaged across all countries, when esti-
mating treatment service coverage following increased 
HRH investments. This averaging may mask important 
country-level differences in the extent to which LMICs 
aggressively screen for TB among HIV-positive persons. 
Whereas we make explicit these assumptions, the end-
user should avoid interpreting any cell in the MS Excel 
calculator sheets as “deterministic,” precise estimates.

Regarding uncertainty analyses, our methodology 
assumes that the relations between the many health 
worker inputs and treatment service outputs are meas-
ured with no uncertainty. This simplifying assumption 
permits calculation of point estimates in terms of addi-
tional lives saved, for example, but does not provide con-
fidence bounds for each point estimate.

Finally, while this tool does factor in different types of 
HRH investments and different occupational groups, it is 
not an allocative efficiency tool. For this reason, the tool 
cannot be used as a guide on which type of HRH invest-
ment or which occupational group (based on a marginal 
investment logic) should be prioritized. We, moreover, 
note that our estimates should in no way be construed 
as advocating for substituting HRH investments to treat 
HIV, TB and malaria, over general service staff in primary 
care settings to treat these and other conditions. We, 
rather, view the calculator tool as making the case about 
the value-added of estimating the results and impact of 
the HRH investments.

Investments in human resources for health have the 
potential for positive results for a range of health ser-
vices and health outcomes, beyond the three diseases 
we examined. Future research may explore the applica-
tion of our methodology to other health service areas. 
It is also acknowledged that HRH investments have 
broader positive development outcomes, including 

through the creation of qualified employment oppor-
tunities, particularly for women, spurring sustainable 
economic growth and contributing to gender empow-
erment. These other dimensions are of critical impor-
tance and deserve further scholarly attention.
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