
Model of the impact tool and key assumptions of the calculator 

Steps 1 to 3 in the section below helps to illustrate in deeper details, the main features, 

evidence base and assumptions of the HRH impact assessment tool [1], linking investments to 

improved availability, distribution and performance of HRH.  

Step 1. Investment in HRH through education, improved deployment, 

remuneration, availability, distribution, and performance 

A. Investment 1: Pre-service education 

It is assumed that any HRH investments occur above and beyond existing levels of investment; 

associations between investment options and HRH density or performance were based on the 

peer-reviewed literature. Few studies examined the association between the number of entrants 

in health education institutions and the number of graduates. No quantitative study was found 

that provided a systematic estimate of the graduation rate among health education institutions in 

LMICs or the rate of employment of new graduates.  

A default graduation rate of 80% was set for students enrolled in pre-service education 

programmes. Among these graduates, the model postulates that additional full-time 

employment salary support (as compared to pre-existing employment levels) is needed to 

increase the number of graduates who go on to be fully employed as health workers (above and 

beyond steady-state inflows); the tool allows modification of these parameters if context-specific 

empirical data are available.   

B.  Investment 2: Hiring 

Simply increasing the employment of already-trained health workers in the health sector will add 

to the HRH workforce. It is assumed that each new job employs one FTE (assuming an 8-hour 

workday).  



C. Investment 3: Salary raises 

Increasing the salary of currently employed health workers is one possible approach, among 

others, to retain health workers. The base wage is excluded because the incremental increase 

is conceptualized to target currently employed workers. Hiring additional workers via full salary 

support is reflected in Investment 2. 

Literature on the impact of wages on labour [2,3] includes quantitative analyses such as discrete 

choice experiments (DCEs). 

Remuneration was included as an intervention in most of the DCE studies (N = 24). Most DCE 

studies in LMICs find that remuneration is a statistically significant factor for encouraging 

healthcare workers to relocate to, or remain at, specific locations that may otherwise have fewer 

desirable characteristics (see Table 2 below). We examined published studies that provided an 

estimate translatable to several outcomes: (i) retention in the country, (ii) willingness to work in 

poorly equipped facilities,1 (iii) remaining at a specific location (e.g., rural) or position and (iv) 

relocation to a rural/remote location. Retention of the workforce in the healthcare sector or the 

country was the most relevant outcome for estimating the effect of salary pay raises on HRH 

availability. 

Many of the DCE studies calculated the willingness-to-pay (WTP) value that health workers 

were willing to trade for other job characteristics. In the context of HRH, the WTP value provides 

a monetary value of how much it is worth for healthcare workers to stay or leave their current 

position, thus affecting the labour supply. Using the reported WTP value, the WTP can be 

calculated as a percentage of workers’ salary, which can be interpreted as the increase in 

resources needed to retain a healthcare worker among those in the study that took up the offer.  

 
1In qualitative interviews conducted to outline attributes for DCEs, this outcome has been consistently 
outlined as a salient characteristic influencing individual decisions to leave or remain in a country. 



Three studies (from LMICs that included doctor and/or nurse/midwife occupational groups) met 

the inclusion criteria [4,5,6]. However, only one of the three studies – i.e., Rockers et al. [5] – 

reported the fraction of study participants willing to take the pay raise, which enabled calculation 

of an estimate. 

D. Investments 4 and 5: Incentives and in-service training 

A recent meta-review on the effects of health worker interventions on HRH productivity was 

conducted by Rowe et al. (2018) [7]. This study is the most comprehensive review conducted to 

date that is directly relevant to the objective of obtaining elasticities related to performance 

outcomes. 

Rowe et al. presented study results for improving health-care provider practice expressed either 

as percentages (e.g., percentage of patients treated correctly) or as continuous measures (e.g., 

number of medicines prescribed per patient). The summary measure to aggregate measured 

effect sizes across studies was the median effect size (MES). The MES values from the 

included studies were derived from 670 reports from 337 peer-reviewed publications, including 

118 types of strategies, many of which included multiple intervention components.  

In studies that focused on either financial incentives or training as the sole intervention, the MES 

calculated provides information on the intervention’s impact on specific outcomes. Studies 

reviewed that describe the effect of financial incentives or in-service training on HRH 

performance (Investments 4 and 5, respectively) tended to evaluate incentive packages or 

policies which involved a combination of different intervention approaches. For example, Perez-

Cuevas et al. [9] examined the effect of the interventions of group problem solving, supervision, 

other management techniques and training conjointly. The MESs reflect the change in 

performance outputs in response to the presence of any training or financial incentives. Table 1 

summarizes these estimates and the number of studies reviewed on which they were based. 



The information is from Rowe et al. (2018) [7] and the associated supplementary appendix, and 

Rowe et al. 2019 [9] and the Health Care Provider Performance Review online database [10]. 

Table 1. Studies examining the association between remuneration or training only, and 

performance 

Intervention 

Number 

of 

studies 

Percentage 

point 

difference 

Median of 

MES values 

(expressed 

in 

percentage) 

Interquartile 

range Minimum Maximum 

Training 82 11.5 8 3.1–18.4 –21.3 68.1 

Financial 

incentives 
2 1.2 25.9 N/A 11.1 40.7 

 

Composite estimates in the column for percentage point difference were used for Investments 

4 and 5. Proceeding with the aggregate MES, the following additional assumptions were made: 

• Service coverage was defined broadly as improvement in service delivered; the variable 

is not disease-specific. 

• Performance was defined as the increase in correct behaviour and treatments 

administered (or alternatively as the reduction in incorrect or inefficient behaviour and 

treatments administered). 

• Any resulting performance improvement was linearly additive onto the HRH service 

coverage that results from HRH density. 



 

Because service coverage is not specific to disease according to the empirical basis used to 

estimate these coefficients, the assumptions on increase in coverage adopted in the model are 

the same for HIV, TB, and malaria services. 

 

E. Multiplier for community healthcare workers 

Estimates of the empirical association between health worker density and service coverage for 

HIV/AIDS, TB and malaria are based on actual cross-country data on density of skilled health 

professionals, and specifically of the workforce of doctors, nurses and midwives. Cross-country 

data for community healthcare workers (CHWs), however, are less complete and thus 

insufficient to use to separately estimate an empirical relationship with service coverage. This 

was a notable limitation of the available data: future work could benefit from refinement of 

methods as more data on additional occupational groups become more widely available. 

To estimate how HRH investments on CHWs can affect treatment service coverage and lives 

saved (and vice versa), a productivity multiplier was used, reflecting the ratio of the productivity 

of a doctor or nurse/midwife to CHW. A literature search identified studies that provided suitable 

estimates of this relative productivity (see later section of this supplementary file). As an 

example, one study found that when tasks were shared between DNMs and CHWs, compared 

to solely being performed by DNMs, the follow-up use of antihypertensive medication increased 

from 46.3% to 49.7% [11]. Another study found a similar change in the TB treatment completion 

rate from 64.3% to 83.0% when CHWs were added to the skills mix [12].  

Two systematic literature reviews on cost–effectiveness analyses (CEAs) and optimal skills mix 

[13,14] were helpful in developing specific estimates for comparing changes in effectiveness of 

a team of CHWs and DNMs, as compared to DNMs providing care alone. The changes in 



effectiveness between the two groups were then translated into changes in overall productivity 

for each intervention, allowing calculation of a productivity multiplier for converting DNM to CHW 

equivalents.  

Four CEA estimates were extracted from the literature which enabled conversion of DNM 

productivity into CHW productivity (see MS Excel sheet “X. CHW_calc” in the Lives Saved and 

Coverage Target calculators and later section of this supplementary file). The multiplier was 

calculated by taking the change in service coverage percentage points given the involvement of 

CHWs, and assuming that the change is due to the increase or decrease in productivity of 

CHWs compared to DNMs [15].2 The descriptive statistics for the multipliers are included in 

Table 2 below (individual study estimates are provided in Table 3 in the later section of this 

supplementary file). Given the range of estimates, the median of the productivity ratios was 

used as the multiplier. 

Table 2. Descriptive statistics for the ratio of productivity of DNMs to CHWs  

Observations Median Min Mean SD Max 

4 1.1065 1.020 1.105 0.090 1.187 

SD: standard deviation. 

 

 

 

 

 
2 For example, for estimates from Okello and colleagues the productivity multiplier was calculated by dividing the TB 

treatment success for DNMs (74%) by that when CHWs were added to the skills mix (56%), which yields the 
multiplier of 1.32. 



 

Step 2. Relationship between human resources for health (HRH) density and 

increased coverage of selected services related to HIV, TB and malaria, 

A. Primary analysis of service coverage indicators 

Eleven of the 29 candidate indicators were examined using ordinary least squares (OLS) 

regression (see “”Z.MD_only” and “Z.NM_only” tab in Lives saved calculator: tool”) [1]. This 

framework assumes a curvilinear, or “diminishing returns”, relationship between DNM and HIV, 

TB, and malaria treatment coverage. In this approach, the greatest increases in treatment 

service coverage are associated with initial investments in DNM. At a certain level of DNM, 

however, there is an inflection point at which the rate of increase in treatment service coverage 

is smaller with each additional DNM investment.  

First, the relationship between each of the 11 candidate indicators (dependent variables) and 

the natural logarithm of the number of DNMs per 1000 population (independent variable) was 

estimated. In the base specification, the number of observations was the total number of LMICs 

analysed. This analysis yielded four treatment service indicators with a positive and statistically 

detectable (i.e., P < 0.05) association with DNM concentration (see Table 3 in this document): 

• Antiretroviral therapy (ART) coverage (% of people living with HIV); 

• percentage of pregnant women with HIV who receive antiretroviral medicine for 

prevention of mother-to-child transmission (PMTCT); 

• TB treatment coverage: the number of new and relapse TB cases per number of incident 

cases; and  

• the percentage of children < 5 years with fever who sought treatment at any facility (a 

proxy indicator of treatment for malaria). 



Each treatment service indicator serves as a separate dependent variable in a separate 

regression. When each of the four regressions was restricted to LMICs only, all but the first HIV 

indicator (ART coverage for people living with HIV) showed a positive and statistically 

detectable association. However, when using the full country data set without any income-based 

country restrictions, all four indicators – two for HIV, one for TB and one for malaria – showed a 

positive and statistically detectable association. The full-country results of each of the four OLS 

regression analyses appear in Table 3 below. Note that the number of countries analysed 

differed for each indicator, owing to varying data availability for treatment service indicators 

across countries. 

Table 3. Four separate regression results for four treatment service indicators 

Indicator 

No. of 

countries 

DNM 

coefficient SE P value Intercept 

ART coverage for HIV  129  5.30 2.20  .02 41.70 

ART coverage for PMTCT  104  7.42 2.27  .002 60.27 

TB treatment coverage  201  9.22 1.30  < .001 63.59 

Children < 5 sought treatment for 

fever 

 70  6.05 1.8 .002 61.86 

SE: standard error. 

*Each treatment service indicator serves as the dependent variable in that respective regression; the 

natural logarithm of DNMs per 1,000 population is the independent variable in each regression. 

 

These parameters allowed estimation of treatment service coverage for a particular DNM 

density. For example, for TB treatment coverage a few levels of DNM per 1,000 population, 



corresponding to a specific level of treatment service coverage, are provided for purposes of 

illustration (Table 4 below).  

Table 4. Sample levels of TB treatment service coverage by value of DNM concentration 

DNM concentration per 1,000 population Estimated TB treatment coverage 

1.0 63.59 

1.5 67.33 

2.0 69.98 

2.5 72.03 

4.0 76.37 

 

The regression equation results illustrated in Tables 3 and 4 above were then used to estimate 

the gains of treatment service coverage associated with investments in DNMs. Users may also 

identify lower and upper confidence bounds estimates of “lives saved” for additional coverage of 

each treatment service indicator. These confidence bounds use the standard errors of 

coefficient estimates (Table 3 above) to derive 95% confidence intervals of lives saved. 

 

B. Benchmarking alternative 

A complementary function of the model and calculator developed entails a possibility for the 

user to set a predetermined level of treatment service coverage for HIV, TB and malaria and 

then find the level of aggregate workforce requirements to attain that service coverage.  

The benchmarking alternative entails use of empirically derived maximum “caps” as well as 

minimum “floors” (and the range in between the cap and floor) of general DNM concentrations 

that correspond with existing treatment service coverage levels. The maximum cap was derived 



by identifying the median level of DNM observed for countries that meet the service coverage 

target for that particular indicator (e.g., 10.85 DNM for the 12 countries which exceeded 90% 

treatment coverage for TB). The minimum floor of DNM, by contrast, was created using results 

from a data envelopment analysis (DEA), which ranks countries according to their efficiency in 

delivering treatment service coverage per level of DNM. DEA is a statistical analysis tool often 

applied to microeconomics and operations management. In this context, the tool has been 

applied to identify countries that maximize the utility of existing resources to achieve a desired 

end. Specific details for the DEA approach are covered in Supplementary file 2. 

Once the DNM maximum cap and floor levels for each treatment service indicator had been 

determined, a log-linear function was fitted through these points (given the economic principle of 

diminishing returns to additional DNM especially at higher levels of DNM).  

 

C. Accounting for comorbidity 

In countries with a relatively high incidence of HIV and TB, there is a dual burden from HIV/TB 

coinfection [16]. Despite the comorbidity associated with HIV/TB coinfection, many coinfected 

patients remain undetected and undertreated [17]. In light of this challenge, WHO outlined 

guidelines and policy recommendations for enhancing collaborative HIV/TB activities [18]. 

Based on empirical estimates available in the studies quoted in this subsection, estimates of 

HIV/TB coinfection and HIV/TB detection rates were integrated when estimating how HRH 

investments could augment treatment service coverage across these two conditions. In a study 

from a setting with a high HIV burden, among HIV-positive persons who had screened positive 

for TB at the time of the study, only 6.3% were receiving TB therapy [19]. This study 

underscores the sometimes low level of integration of HIV and TB control activities, but 

indicates that persons who test positive for HIV may also undergo additional TB screening. It is 



therefore assumed that, in a high HIV/TB coinfection context, additional treatment of, say, 100 

HIV-positive persons would increase TB screening for ~6.3 TB-positive persons (i.e., 6.3%). 

Next, the increase in TB service treatment coverage attributable to an increase in HIV treatment 

coverage was calculated for countries with lower HIV/TB incidence. Estimates of HIV/TB 

incidence were taken from the Global Burden of Disease project [20]. It was assumed that 

countries with a lower HIV/TB coinfection rate would necessarily have a slightly lower “cross-

benefit” for TB detection among persons undergoing HIV treatment. This cross-benefit in TB 

detection ranged from 3.3% to 6.3% and was automatically integrated into the final TB service 

treatment coverage percentage. 

 

D. Interpretation 

Table 3 provides estimates of the relation between DNM density and treatment service 

coverage for four treatment service coverage indicators referring to specific HIV, TB and malaria 

services. Given the instability of the HIV ART treatment indicator results in alternative 

approaches tried, which exclude high-income countries and have a relatively low sample size, 

we recognized that further stratification of our regression approaches by country characteristics 

(e.g., low-income countries – LICs – only) attenuates the DNM / treatment coverage 

associations or renders them nondetectable. The functionality of the lives saved calculator also 

includes options to cater to the specific aspects of a country’s situation. For example, countries 

without endemic malaria may wish to incorporate an assumption that HRH investments are not 

related to malaria burden in that country. This context-specific aspect, as well as the “high or 

low HIV burden” button, can thus be clicked to activate these aspects into the modelling 

estimates.  

 



Step 3. Translating service coverage into health impact 

The OLS regression analysis described earlier yielded four treatment service coverage 

indicators for HIV, TB and malaria that show a positive association with DNM density: 

• ART coverage (% of people living with HIV); 

• percentage of pregnant women with HIV who receive antiretroviral medicine for 

prevention of PMTCT; 

• TB treatment coverage: the number of new and relapse TB cases per number of incident 

cases; and 

• the percentage of children < 5 years with fever who sought treatment at any facility (an 

indicator of treatment for malaria). 

These four indicators were used to model how improvements in service coverage, via HRH 

investments, may translate into lives saved. Relevant empirical data from the literature were 

reviewed to derive estimates of lives saved.  

A. Lives saved due to increased ART coverage 

A study reported trends in HIV incidence, ART coverage and mortality statistics from the 30 

countries with the greatest AIDS mortality burden [21]. Based on results using data from the 

Spectrum/EPP software AIDS Impact Module, estimates of lives saved per unit increase in ART 

coverage were derived. The manuscript reports results for two countries that account for 27% of 

the global HIV burden.  

The first country reported a 20% ART coverage rate for persons with HIV. If this country were to 

maintain its current level of ART coverage, the researchers estimated 485,564 fewer AIDS-

related deaths over a 7-year period from 2014 to 2020. This estimate equates to an average of 

69,366 lives saved per year associated with 20% ART coverage. Given this estimate, a 1 



percentage point increase in ART coverage could avert 3,468 deaths per year (i.e., 69,366 / 20). 

If these lives saved were scaled to the population size of that country, a 1% increase in ART 

coverage would correspond to 1.89 lives saved per 100,000 population.  

If, instead, we used figures for the second country that was generated by the AIDS Impact 

Module, the reported ART coverage of 42% would correspond to a projected 1,363,201 fewer 

AIDS-related deaths from 2014 to 2020 [21]. This projection equates to an average of 194,743 

lives saved per year. A 1% increase in ART coverage, therefore, could avert 4,637 deaths (i.e., 

194,743 / 42). If these lives saved estimates were scaled to the population size of the second 

country, a 1% increase in ART coverage would thus correspond to 8.33 lives saved per 100,000 

population.  

If we take the average number of AIDS-related lives saved per 100,000 population (in the first 

and second country) for a 1 percentage point increase in ART coverage, which assumes 

additivity of health benefits per unit increase in treatment coverage given low HIV incidence: 

 (1.89 + 8.33) / 2 = 5.11 lives saved per 100,000 population 

These two countries, however, have different incidence and prevalence rates of HIV. These 

epidemiologic factors, as well as other drivers of regional variation in HIV burden and treatment, 

likely explain the different estimates in lives saved per 100,000 population per unit increase in 

ART coverage. However, the estimate of 5.11 lives saved per 100,000 population can represent 

a starting point in estimating the health impact of increasing ART coverage in the LMIC context. 

In a context of low HIV burden, the literature reports a lower number of lives saved per 100,000 

population relative to the high HIV burden context. Specifically, using Latin American countries 

classified as middle income, one report finds that for every 1 percentage point increase in ART 

coverage, there are 0.3 fewer AIDS-related deaths per 100,000 population [22]. This estimate is 

also used in the lives saved calculator for a “low HIV burden” context option. 



B. Lives saved due to ART to prevent mother-to-child transmission 

WHO estimates that in the absence of ART, ~30% of mothers transmit HIV to their infants (with 

a range of 15% to 45%) [23]. With ART for PMTCT, this transmission rate can be reduced to 

below 5%. In 2014, 21 priority sub-Saharan African countries provided ART to 77% of pregnant 

women living with HIV [24]. Among these women, mother-to-child HIV transmission fell to 9%.  

Using the estimates above, in the absence of ART for PMTCT, for every 100 HIV-positive 

pregnant women, ~30 cases of HIV-positive infants are estimated. An estimated 50% of children 

living with HIV die before their second birthday. In the absence of ART for PMTCT, for every 

100 HIV-positive pregnant women, there would be 15 child deaths (i.e., 50%  30 cases). With 

ART for PMTCT, for every 100 HIV-positive pregnant women, ~5 children would be HIV-

positive, of which 50% (i.e., 2.5) are estimated to die prematurely.  

Based on these calculations, the number of HIV-related child deaths averted for every 100 

additional HIV-positive women on ART for PMTCT would be 12.5 (i.e., 15 child deaths without 

ART for PMTCT minus 2.5 child deaths in the presence of ART for PMTCT). The model can 

input country-specific ART for PMTCT coverage levels to estimate child lives saved per 

percentage point increase in ART for PMTCT coverage.  

 

C. Lives saved due to TB treatment coverage 

A report by the Global Fund [25] includes the following assumption for lives saved due to TB 

treatment coverage:  

Currently it is assumed that one life is saved for every three cases of TB that are treated, based 

on the difference in the case fatality ratio of treated and untreated TB. 



The 3:1 ratio could be applied to country-level estimates of total TB cases that are treated. For 

example, Sri Lanka shows 64% TB treatment coverage and ~10,000 detected cases per year 

[26]. Using these inputs, the total estimate of all TB cases is 15,625 (i.e., 10,000 / 0.64). Sri 

Lanka’s stated TB treatment success rate is 85%. Given these inputs, the current TB treatment 

coverage (i.e., 10,000 identified cases  0.85) leads to 8,500 successfully treated cases. If we 

increase TB treatment coverage by 1 percentage point, this increase will show 8,633 

successfully treated cases – or an additional 133 (i.e., 8,633 – 8,500) cases treated. Application 

of the 3:1 ratio to these 133 newly treated cases yields 44.3 lives saved per year in Sri Lanka 

associated with a 1 percentage point increase in TB treatment coverage.  

 

D. Lives saved due to seeking cure for fever among children under 5 

The WHO’s World Malaria Report [27] found that in sub-Saharan Africa, 36% of febrile children 

are not brought to treatment facilities for care. Based on this statistic, 64% of children (i.e., 

100% minus 64%) sought treatment for a fever at any facility. Moreover, the proportion of febrile 

children who received a malaria diagnostic test in the public sector rose from 29% in 2010 to 

51% in 2015, yielding a percentage increase of (51 – 29) / 29 = 76%.  

If a child seeks treatment for fever at a facility in LMICs, it is assumed that the child would 

receive a diagnostic test. Over the same time period, under-5 mortality due to malaria declined 

by 35%. A decline in malaria is assumed to be related to treatment seeking for fever. Given 

these parameters, every 1 percentage point increase in children under 5 years with fever 

seeking treatment at any facility was assumed to correspond with a 0.46% decline (i.e., 35 / 76) 

in malaria mortality for under-5 children. The model can factor in estimates of malaria mortality 

for under-5 children in 1 year and multiply them by 0.0046 (i.e., 0.46%) to estimate children’s 

lives saved for each 1 percentage point increase in children seeking care for fever. 



 

E. General considerations on inputs needed and assumptions of the model 

Empirical literature was used to derive estimates of lives saved due to increased HIV, TB, and 

malaria treatment service coverage. The gains in service coverage for four specific treatments 

are positively associated with DNM concentration, which supports the notion that investments in 

DNMs result in additional lives saved. The lives saved calculations, albeit omitting more 

granular information on the health services landscape and the dynamics of HIV, TB, and 

malaria, rely on a set of relatively straightforward epidemiological assumptions. For each 

indicator, Table 2 in the main manuscript illustrates the additional lives saved by a 1 percentage 

point increase in coverage, the input(s) needed by the model to estimate lives saved and the 

key assumptions for that estimate. 

As the table shows, the number and level of complexity of the inputs required by the model is 

modest. We remind the reader of the important caveat that correlation estimates do not 

represent causal relationships. Rather, the model illustrates the potential health impact that may 

be realized from additional HRH investments. Including the lower and upper bound estimates of 

lives saved further underscores the uncertainty inherent in these estimates. 

 

 

Part 2: Targeted literature review to identify empirical estimates for specific 

assumptions in the model 

 

A. CHW productivity 



While estimates of the empirical relationship between health worker density and service 

coverage for HIV/AIDS, TB and malaria were based on actual cross-country data on density for 

DNMs, cross-country data for CHWs were less complete and insufficient for separately 

estimating an empirical relationship with service coverage. This is a notable limitation of the 

available data to date, and an area where this work can benefit from refinement in the future as 

more data on additional occupational groups become systematically available. 

To be able to estimate how HRH investments in CHWs affect health outcomes, a productivity 

multiplier was used that reflects the ratio of the productivity of a doctor or nurse/midwife to the 

combined productivity of CHWs and a doctor or nurse/midwife providing collaborative care. A 

literature search was conducted to identify studies that provided suitable estimates of this 

relative productivity. The literature review searches were performed using the WHO and 

International Labour Organization’s definition of a CHW:  

Community health workers provide health education and referrals for a wide range of services, 

and provide support and assistance to communities, families and individuals with preventive 

health measures and gaining access to appropriate curative health and social services. They 

create a bridge between providers of health, social and community services and communities 

that may have difficulty in accessing these services [28]. 

Given the definition, the terms “community healthcare worker”, “community health worker”, “lay 

health worker”, “community-based health worker” and “task shifting” were searched. Search 

results indicated that there is an expansive literature examining the efficacy of CHWs in 

providing healthcare. To identify estimates that would allow us to convert the productivity 

between DNMs and the collaborative care provided by nurses, midwives and CHWs, the 

literature review focused on quantitative studies that examine task sharing. Many of the studies 

in the task-sharing literature involved simulation and estimation of DNM and CHW stock [29], 

which are not applicable for this project. However, two relatively recent systematic literature 



reviews were identified on studies that conducted CEA on CHW involvement and task sharing 

[13,14]. The studies included in these two systematic literature reviews were evaluated for 

reliable estimates of the effectiveness of CHW, because CEA studies require specific estimates 

on effectiveness of the intervention in question and the comparator. Estimators identified 

specifically measured sharing of tasks between doctors, nurses and midwives, or DNMs and 

CHWs (as opposed to DNMs shifting the tasks in their entirety to CHWs). The focus on these 

estimates enabled comparison of the changes in effectiveness of DNMs and CHWs providing 

collaborative care, compared to only DNMs providing care. The changes in effectiveness 

between the two groups were then translated into changes in overall productivity in each task 

sharing intervention, thus enabling direct comparison of relative output among the groups.  

Of the CEA studies reviewed, those with the following criteria were included: 

• The intervention focused on task sharing between CHWs and professionally trained 

healthcare workers (i.e., DNMs). 

• CHW involvement was the only part of the intervention. In other words, no other 

interventions were examined simultaneously. 

• Outcome variables could be translated to productivity, focusing on service coverage 

(e.g., TB cure rate, capacity of TB treatment programme). 

• All the estimates provided and used in the CEA resulted from primary data collected by 

the study, rather than from secondary data analysis (e.g., in simulations) on previously 

published estimates. In one of the studies included in the systematic literature review 

[30], the primary data was reported in a separate study. Therefore, that study was 

reviewed to extract the estimates, which were then translated to productivity for this 

analysis. 



• The estimates represent statistically significant differences in service coverage between 

the task-sharing group and the MDs, NMs or DNM only groups.  

Consequently, the exclusion criteria included the following: 

• studies that only examined changes in prevalence and did not report service coverage 

outcomes; 

• studies that had costs but no estimates of effectiveness; and 

• studies that used estimates generated from other studies.  

If the target of HRH investments is CHWs and users enter the number of CHWs to be targeted, 

the number of CHWs is then converted to their DNM equivalent (unobserved to the user). The 

subsequent calculations then proceed according to the estimates used for DNMs. Table 5 below 

presents the study estimates, converted productivity multipliers and the final median productivity 

multiplier included in the Excel calculator.  

 

Table 5. Studies that quantitatively estimate the relative productivity of DNMs to CHWs 

Citation Outcome measure 

Performance outputs Multiplier 

(DNMs/CHWs) DNMs CHWs 

Buttorff et al. [31] Reduction in 

psychiatric 

symptoms 

39.9% 67.5% 1.02 

Dick [12] Treatment 

completion 

64.3% 83.0% 1.187 

Jafar et al. [11] Medication use 46.3% 49.7% 1.034 



Sabin et al. [32] Death averted – 17.9 / 1000 1.179 

Median 1.1065 

CHWs: community health workers; DNMs: doctors, nurses and midwives 

 

B. Studies on pre-service education 

There is an absence of studies which examine the relationship between the number of medical 

professional school enrollees and the number of graduates in LMICs. Among quantitative 

studies assessing interventions that increased the number of enrollees and graduates in 

medical education, none were found that generated a usable number for this project. The 

literature on pre-service education contains mostly qualitative and prescriptive studies outlining 

the need to train and retain HRH in low-income settings. One study examined Ethiopia’s “flood 

and retain” policy for increasing the supply of HRH by building professional schools [30]. The 

qualitative interviews conducted in the study show that the government had increased the 

number of students, but not the number of teachers, equipment and other resources. In general, 

these studies highlight the need to ensure that there are enough resources to recruit and retain 

HRH; simply increasing pre-service education is insufficient [33]. These findings underscore the 

importance of including provisions for eventual full health worker salary support for any HRH 

investment in pre-service education that aims to augment the inflows of workers into the HRH 

labour supply. 

In addition, these studies provide no relational estimates between enrolment, graduation and 

DNM density, most likely due to the lack of transparency and systematic data collection [34]. A 

study surveyed all identified medical schools in sub-Saharan Africa and found that 81% of 

responding schools indicated that they had no tracking system for their graduates and could not 

determine whether they were practicing medicine and where [35]. Consequently, there is a lack 



of data to determine the relationship between healthcare-related professional school enrolment 

and its resulting effect on labour force inflows.  

One study conducted by WHO collected data on the number of new graduates in 12 countries in 

Africa [36]. This study provides the most comprehensive information on the number of qualified 

HRH personnel in sub-Saharan Africa; but the information is somewhat outdated and still not 

comprehensive enough for use in this exercise.  

 

C. Studies on salary pay raises and retention 

There is an extensive literature on the labour market and the impact of wages on labour supply. 

Nevertheless, most studies that apply labour market theories on HRH in LMICs are theoretical 

[2,3] and thus do not provide usable empirical estimates for this project. Furthermore, studies 

which calculated specific elasticity estimates for healthcare workers in LMICs are scarce. In 

terms of quantitative analysis, only a few studies [37] have generated estimates on the 

relationship between remuneration and training and retention from regression models. As is 

evident in findings from numerous systematic literature reviews [38,39,40] studies examining the 

relationship between remuneration and training and retention and performance suffer from 

several limitations: 

• Many studies are purely descriptive, that is, survey- and questionnaire-based studies 

which highlight the importance of remuneration and training, but provide no 

estimates on the relationship between variables [41]. 

• The primary outcome of focus is often the satisfaction of healthcare workers with 

their career and position [42]. These outcomes are not connected to retention or 

performance and cannot be translated into elasticity estimates. 



A broad literature search and review showed the type of quantitative analysis most useful in the 

context of this project to be findings from DCEs in LMICs. For this reason, our subsequent 

literature search focused on DCE studies. The following terms were searched individually and in 

combination: “remuneration”, “wages”, “healthcare work force”, “human resources for health”, 

“doctors”, “nurses”, “supply-oriented interventions”, “DCE”, “training”, “development”, “retention” 

and “low- and middle- income”. Posters and PowerPoint presentations were excluded, as 

studies presented in these formats do not provide adequate information for us to determine the 

usability and reliability of the estimates generated.  

Published studies of the effect of HRH investments on HRH density were examined to identify 

estimates translatable to several outcomes: (i) retention in the country, (ii) willingness to work in 

poorly equipped positions, (iii) remaining at a specific location (e.g., rural) or position and (iv) 

relocation to a rural/remote location. Retention in the healthcare sector or the country are the 

most relevant outcomes for extracting an estimate of the effect of salary pay raises on HRH 

availability via retention among currently trained HCWs. In qualitative interviews conducted to 

outline attributes for DCEs, the outcomes for willingness to work in poorly equipped positions 

has consistently emerged as a salient characteristic influencing individual decisions to leave or 

remain in a country. 

Theoretically, these various outcomes can be translated into an equivalent number of FTEs, 

which can then be used to calculate HRH density (further explanation follows). To ensure the 

relevance of the findings and their applicability to the current HRH context, estimates in our final 

model were restricted to studies published between 2008 and 2019. 

Within the included studies, estimates of the relationship between remuneration and training 

and retention generally surveyed current healthcare workers or students in medical or nursing 

schools in LMICs. Many of the DCE studies also calculated the willingness-to-pay (WTP) value 

that healthcare workers were willing to trade for other job characteristics. The WTP 



measurement is useful, as it provides a monetary value for how much a person is willing to pay 

for a given good or experience or to avoid an undesired outcome. In the context of HRH, the 

WTP value provides a monetary value of how much it is worth for a healthcare worker to stay or 

leave his/her current position, thus affecting the DNM labour supply. The WTP value is 

calculated as the percentage of the average salary of each occupational group, which indicates 

the additional resources needed to retain a healthcare worker.  

This body of literature is the most applicable for extracting estimates on how increases in 

remuneration and training may lead to increased HRH density. The included estimates are 

presented in Table 6 below.  

Table 6. Studies examining the association between salary pay raises and willingness to 

work in poorly equipped facilities 

Country 

category 

Doctors Nurses and midwives 

Low Three studies: 

• Ethiopia: 27% increase in 

base salary leads to selection 

of remote post. 

• Ethiopia: 26% increase in 

base salary leads to staying in 

condition with poorer 

equipment. 

• Malawi: Two times current 

monthly salary leads to 

Six studies: 

• Ethiopia: 72.2% increase in 

base salary leads to selection of 

remote post. 

• Ethiopia: 50% increase in base 

salary leads to staying in 

conditions with poorer 

equipment. 

• Malawi: MWK 10 000 (US$ 10) 

increase in salary leads to 



selection of work in rural 

areas. 

• Uganda: Additional USh 1 

million (US$ 426) (1.43 times 

the base salary) per month 

leads to a 46% increase in 

preference for poorer-quality 

facilities. 

increase in choosing rural post 

by 50% point change. 

• Tanzania: 80–100% increase in 

salary leads to selection of rural 

post. 

• Tanzania: TZS 57 151 (US$ 25) 

leads to selection of remote 

post. 

• Uganda: Additional USh 1 

million (US$ 426) per month 

leads to an increase in 17% in 

preference for poorer-quality 

facilities. 

Lower 

middle 

Three studies: 

• India: 33% increase in salary 

increases the likelihood of 

doctors accepting a rural post 

by 13% point change. 

• Kenya: 20% increase in salary 

increases the likelihood of 

doctors accepting a rural post 

by 22.8% point change. 

• Viet Nam: Doctors are willing 

to pay 7.04 million VND 

Three studies: 

• India: INR 10 000 (US$ 140) 

increase in salary increases the 

likelihood of nurses accepting a 

rural post by 31% point change. 

• India: 2.5 times current salary 

leads to 61% point change in 

acceptance of rural positions. 

• Indonesia: IDR 7 million 

(US$ 503) increase in salary 

leads to selection of remote 

post. 



(US$ 303) to be located in an 

urban post. 

Upper 

middle 

Five studies: 

• China: 10.8% of current 

income leads to increased 

likelihood of doctors choosing 

to work in less well-equipped 

health centres. 

• China: Doctors are willing to 

pay CNY 4020 (US$ 496) to 

be located in an urban post. 

• Iran: 36.5% salary increase (or 

additional US$ 730) leads 

doctors to be willing to work in 

poorer facilities. 

• Peru: PEN 1000 (US$ 300) 

increase/month increases the 

odds ratio of staying in a rural 

post by 2.82. 

• Thailand: 45% increase in 

salary leads to selection of 

rural post. 

Four studies: 

• China: 8.1% of current income 

leads to increase in the 

likelihood of nurses choosing to 

work in less well-equipped 

health centres. 

• China: CNY 3000 (US$ 444) 

increase in income leads to 

75.2% of nurses choosing a 

rural job. 

• Peru: PEN 1000 (US$ 300) 

increase/month increases the 

odds ratio of staying in a rural 

post by 2.95. 

• South Africa: ZAR 250 000 

(US$ 18 475) annual salary 

leads to choosing to remain at 

current position. 

Studies in italics are excluded as they do not meet inclusion criteria. 

 



There were three studies (from LMICs that included doctor and/or nurse/midwife occupational 

groups) that met the inclusion criteria (see Table 7 below for further details) [4,5,6]. However, 

only one of the three studies actually reported the fraction of study participants willing to accept 

and stay for the pay raise offered – data required to actually calculate an estimate and make the 

study usable.  

Table 7. Included studies on salary pay raise and retention 

Study 

% salary 

increase 

% of 

respondents 

willing to accept Estimator 

Hanson and William [4] 

26% for D 

50% for 

NMW 

–  

Rockers et al. [5]  
71% for 

NMW 
46% 1.54 

Song et al. [6]  
11% for D 

8% for NMW 
–  

 

Rockers et al. [5] reported that given a 71% increase in pay, 46% of medical students would be 

willing to work in a lower-quality facility. Dividing the increase in pay that would incentivize 

working in a poorer-quality location by the percentage found to accept the incentive converts 

this association to FTEs: 71% / 46% = 1.54. This quotient is interpreted as a 54% increase in 

salary being necessary to retain 1 FTE. Given the limited number of studies, the estimates 

across income categories and across occupational groups relied on one overall estimate (1.54), 

which can be applied to all groups.  



 

D. Studies on in-service training and retention 

A literature search was conducted to identify DCE studies that include in-service training and 

outcomes related to retention. Given the few studies that focus on in-service training, the 

content, duration, cost or frequency of in-service training is not considered further.3 A review of 

the available empirical estimates showed that there are few to no studies that report any results 

relating in-service training to worker retention. Thus, the empirical basis for this investment 

pathway is not supported by the current state of the literature. 

 

 

 

 

 

 

 

 

 

 

 

 
3 Training can vary substantially across settings, health conditions and occupational groups. However, most studies 

do not provide enough information to characterize the content and intensity of training in order to make more specific 
estimates of these attributes. 



Assumptions of the “lives saved” calculator 

The calculator includes options for specifying HRH investments for four main investment types: 

• pre-service education aimed at increasing the number of health workers entering the 

health-care labour market from medical training programmes; 

• salary pay raises, broadly defined as any change in base compensation (wages, 

benefits) given to existing health workers;  

• incentives (e.g., pay for performance) provided for meeting target performance outputs 

to increase the productivity of individuals privy to these schemes; and 

• in-service training for existing health workers to increase the skill and quality of services 

a given health worker can produce. 

Conceptually, pre-service education and salary pay raises are thought to affect the HRH labour 

market on the extensive margin, or the availability of HRH workers to be employed in a health 

service delivery capacity. This includes increasing the number of health workers who may enter 

the labour market either by retaining (through salary pay raises) health workers in service 

delivery positions who would otherwise have exited, or by encouraging employed workers to put 

in more hours for those who may be sub-optimally employed (and thus could be measured in 

terms of fractions of FTEs). 

Incentives and in-service training investments can affect the HRH labour market on the 

intensive margin, or the productivity (services delivered per worker) of labour. While theoretically 

in-service training (viewed as an occupational benefit) may also influence health workers’ 

decision to join the health workforce labour market or increase their hours worked on the 

extensive margin, our search of the literature found no empirical data that could be used to 

estimate this relationship. 



 

1. Investments are made on top of existing HRH workforce dynamics. It was assumed that 

the labour market operates at a steady state in which inflows (newly graduated workers or 

immigrants) and exits (due to death, departure or retirement) occur as they historically have 

occurred. 

2. The labour market in LMICs is currently operating at full capacity. Many countries in 

LMICs do not have enough demand to support a larger HRH workforce [43]. As such, any 

additional workers to be employed will need to be fully supported for compensation, whether for 

new graduates from medical education (above and beyond steady-state inflows) or for retaining 

workers in their current position. 

3. The user can input the number of workers targeted for the investment. To calculate the 

association between HRH investments and treatment service coverage, the starting point for 

calculating the impact of investments will be the number of health workers targeted by 

occupational group and, for the case of pre-service education and salary pay raises, the relative 

size of investment to be made (i.e., 10% increase in salary, increasing the number of graduates 

to be supported in the labour market by 20%).  

4. The calculator will not estimate the cost implications of the investments. The costs of 

HRH investments will vary considerably across country and health system contexts. In addition, 

it is assumed that the salary support given to health workers is discounted over the full lifetime 

of each worker. 

5. Investment effects will be static. While all investments will take time to implement and to 

take effect in the health system, the estimates are simplified to reflect the result after all effects 

have worked through the system.  



6. The main effects of different HRH investment options will be additive. If multiple 

investment types are chosen, resulting estimates of FTEs will be assumed to be linearly additive 

in a steady-state labour market.  

7. Estimates will be stratified by occupational group (DNMs and CHWs) and country 

income level (low, lower-middle and upper-middle) to the extent supported by the empirical 

literature. Because associations of HRH investments with density and performance may vary 

substantially by occupational group and the depth of the labour market for health workers 

across income levels, calculations will be sensitive to occupational group targeted by country 

income level to the extent possible. Note that given the data requirements of using all countries 

with available data (including those beyond LMICs) to estimate the relation between HRH 

density and service coverage levels, identified associations reflect an average across all country 

income levels.  

8. Estimates for CHWs will be based on a productivity multiplier. Data on the availability of 

CHWs across countries is not as readily available as it is for DNMs. The peer-reviewed 

literature will therefore be used to estimate CHW performance using a productivity multiplier 

(see earlier section). For countries without CHW stock data, the income-level strata median ratio 

of DNM density to CHW density will be used, calculated from the set of countries for which data 

for all three health worker categories are available.  

9. Estimates for clinical officers (COs), a default option for an additional category of 

healthcare workers, will be based on a productivity multiplier. This productivity ratio is estimated 

from a study which calculates sub-Saharan Africa CO salaries relative to nurse salaries (i.e., 

US$ 1915 / US$ 1865 = 1.026). [44] By default, the productivity ratio of COs relative to nurses 

and midwives is 1.03. The number of COs will be multiplied by the productivity ratio and then 

folded into the total number for nurses and midwives. The lives saved from additional COs will 

therefore be calculated in terms of nurses and midwives. 



 

10. Associations between investment options and HRH availability or productivity will be 

based on aggregated estimates from the empirical literature. Estimates from different empirical 

sources are standardized for use in the calculator. 

11. HRH availability and productivity are the intermediate outputs that feed into service 

coverage outcomes and, ultimately, into estimates of impact in terms of lives saved. Based on a 

review of global HRH data, past experience and a literature search on empirical estimates of 

association elasticities to be estimated by the calculator, estimates for HRH availability and 

productivity measures can plausibly be calculated across country contexts. Although other 

measures of HRH distribution have been developed, they have not been consistently calculated 

and used across settings and require significantly more data (e.g., comparable subnational 

units) in order to compute. Thus, HRH distribution measures are excluded from the set of HRH 

investment outcomes. 

12. Service coverage increases resulting from HRH productivity investments will not be 

occupation specific. The optimal skills mix for producing health services, whether specific to 

HIV, TB, malaria or more generally, is unknown and likely to be highly specific to health systems 

structures in different countries. Additional assumptions would need to be made to identify the 

relative attribution of service coverage increases due to HRH productivity across health 

workforce categories. Furthermore, no assumptions or limits are made about scale economies, 

the marginal rates of substitution between capital and labour inputs or the pathway for labour 

market expansion in the production function for health.  

13. There are diminishing returns to HRH availability investments on service coverage 

outcomes. This relationship is reflected in the log functional form transformation used in the 

regression analysis for Step 2 (see earlier section of this supplementary file). The assumption of 



diminishing returns is not applied to service coverage increases resulting from HRH productivity 

investments, as there is no empirical basis for this from the existing literature. 

14. The empirical relationship between HRH density and service coverage is based on 

regression results that aggregate DNMs. While regression estimates were analysed for doctors 

and nurses/midwives separately, the resulting statistical significance of these relationships did 

not hold as strongly across service coverage indicators as analyses that combined these 

groups. 

15. The relationship between HRH inputs and HRH availability and productivity are 

measured without uncertainty estimates. Given that a key goal of the calculator involves arriving 

at a point estimate of lives saved due to HRH investments, we used the peer-reviewed literature 

as well as regression-based parameter estimates to derive the quantitative inputs. Whereas we 

acknowledge that each of these inputs is measured with error, for ease of interpretation of the 

calculator tool we did not apply formal uncertainty analyses (e.g., the delta method) to the 

standard errors of each input. Rather, we used only the standard error estimates from the 

regressions in Table 3 above) to arrive at lower and upper bounds of total lives saved in the 

calculator tool. 
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