
http://ijh.sciedupress.com International Journal of Healthcare 2017, Vol. 3, No. 1

ORIGINAL ARTICLES

Comparing health workforce forecasting approaches
for healthcare planning: The case for ophthalmologists

John P. Ansah∗1, Victoria Koh1, Dirk De Korne1,2,3, Steffen Bayer1, Chong Pan2, Jayabaskar Thiyagarajan2, David B.
Matchar1,4, Desmond Quek5

1Signature Program in Health Services and Systems Research, Duke-NUS Medical School, Singapore
2Singapore National Eye Centre, Singapore
3Institute of Health Policy & Management, Erasmus University Rotterdam, Rotterdam, Netherlands
4Department of Medicine, Duke University Medical Center, Durham, NC, USA
5Singapore Eye Research Institute, Singapore

Received: March 2, 2017 Accepted: April 9, 2017 Online Published: May 11, 2017
DOI: 10.5430/ijh.v3n1p84 URL: https://doi.org/10.5430/ijh.v3n1p84

ABSTRACT

Health workforce planning is essential in the provision of quality healthcare. Several approaches to planning are customarily used
and advocated, each with unique underlying assumptions. Thus, a thorough understanding of each assumption is required in
order to make an informed decision on the choice of forecasting approach to be used. For illustration, we compare results for
eye care requirements in Singapore using three established workforce forecasting approaches – workforce-to-population-ratio,
needs based approach, utilization based approach – and a proposed robust integrated approach to discuss the appropriateness of
each approach under various scenarios. Four simulation models using the systems modeling methodology of system dynamics
were developed for use in each approach. These models were initialized and simulated using the example of eye care workforce
planning in Singapore, to project the number of ophthalmologists required up to the year 2040 under the four different approaches.
We found that each approach projects a different number of ophthalmologists required over time. The needs based approach tends
to project the largest number of required ophthalmologists, followed by integrated, utilization based and workforce-to-population
ratio approaches in descending order. The four different approaches vary widely in their forecasted workforce requirements and
reinforce the need to be discerning of the fundamental differences of each approach in order to choose the most appropriate
one. Further, health workforce planning should also be approached in a comprehensive and integrated manner that accounts for
developments in demographic and healthcare systems.
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1. INTRODUCTION
Healthcare accounts for a large share of public expenditure in
many countries.[1] 60-70 percent of healthcare expenditure is
devoted to the health workforce. Health workforce numbers
greatly affect population health, healthcare costs, operations
of the healthcare system and access to healthcare.[2] In ad-

dition, the healthcare profession is characterized by long
training routes. Multiple assessments and certifications that
take years to complete are prerequisites for commencing
work in the industry. Due to this training delay, there is a
need for manpower planning so appropriate healthcare poli-
cies and training requirements can be put in place for the
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efficient delivery of health services. Moreover, demographic
changes have put a strain on the demand for human resources
in healthcare. Demand for healthcare services is expected to
rise substantially with an aging population as studies have
shown that the prevalence of chronic ailments increases with
age.[3] Another implication of this phenomenon is an aging
healthcare workforce. Thus, recruitment policies have to be
carefully tailored to meet future demands.[4]

Despite numerous concerns, health workforce forecasting
has not been an easy task. The different types of health
workforce forecasting approaches are not well-defined and
can cause confusion during planning. The Organisation for
Economic Co-operation and Development (OECD) broadly
describes five main approaches;[5] the World Health Organi-
sation (WHO) has four;[6] and other literature presents differ-
ently.[7–9] Several approaches, each with unique underlying
assumptions, are customarily used and advocated. Among
these, the workforce-to-population ratio, needs based, and
utilization based approaches are the most prominent. While
these assumptions exist to simplify the complex health work-
force planning process, they have significant impact on fore-
casted results. Thus, a thorough understanding of the vari-
ous assumptions is required before deciding on the use of
any forecasting approach. We propose an integrated ap-
proach that explicitly considers factors such as changes in
demographic and healthcare characteristics rather than re-
placing them with simplifying assumptions, thereby proving
to be feasible and robust. This paper also compares projec-
tions from three conventional health workforce approaches –
workforce-to-population ratio, needs based, utilization based
– and the proposed integrated approach, as well as discuss
when to use each approach, using future ophthalmologist
requirements in Singapore as an illustration.

Health workforce forecasting approaches
The workforce-to-population ratio is a simplistic approach
for determining the number of healthcare personnel required
to serve a given population. The results can then be cross-
referenced with benchmarks or expert opinions. Elements
considered in this approach are typically demographic data
such as population growth, and information on the workforce.
Many studies have also made adjustments to account for fac-
tors such as utilization rates by age or gender and attrition
rates of the health workforce.[10, 11] In the workforce-to-
population approach, the best ratio from a reference country
or region with a slightly more developed healthcare sec-
tor than that to be investigated is assumed to be the bench-
mark.[12] For instance, in 2012, the number of ophthalmolo-
gists per million population is 112 in France, 81 in Germany,
and 99 in Switzerland.[13] Despite its apparent advantage due

to its speed and ease of application, this approach often does
not consider factors such as productivity, utilization, and
distribution of healthcare personnel, making interpretation
of the results difficult. Therefore, the problem of unequal
distribution of healthcare workforce is likely to persist even
with the projected estimates.[12, 14]

The needs based approach projects the health workforce re-
quirements based on the current estimated healthcare needs
of a population. Healthcare needs refer to the number of
healthcare professionals or quantity of services required to
provide optimal healthcare services to maintain a healthy
population. Demographic characteristics such as the disease
prevalence, age, gender, and education level of a population
are fundamental to this approach.[8] This approach relies on
the following assumptions: all healthcare needs will be met;
economical methods to address the needs can be established;
and healthcare resources are consumed according to relative
levels of needs. The needs based approach presents a list of
advantages. It has the ability to address the healthcare needs
of the population using a combination of human resources for
health and is also unaffected by current health service utiliza-
tion. The approach is logical, comprehensible, and consistent
with professional ethics. Hence, it can be employed as an
advocacy tool. Nonetheless, it requires extensive epidemio-
logical data, which is often unavailable. Also, this approach
does not take into account the efficiency of the allocation
of resources and requires regular updating of variables, for
instance, the level of technology. Thus, projected staff and
service targets may be unattainable.[12]

Utilization based approaches estimate the future healthcare
workforce requirements using the current levels of services
utilized by the population as a proxy for satisfied demand.
Satisfied demand here refers to the levels of healthcare ser-
vices a population will seek and have the ability to acquire at
the current pricing within a certain timeframe. As with the
needs based approach, the utilization based approach relies
on demographic information such as disease prevalence, age,
gender, and education level. In addition, utilization patterns
of healthcare services and the market factors that influence
these patterns are also taken into consideration.[8] The un-
derlying assumptions of this approach are: current level,
combination, and distribution of health services adequately
meet the current demand for healthcare; age- and gender-
specific requirements are held constant into the future; and
demographic changes over time can be predicted based on
prevailing trends.[15] The utilization based approach is use-
ful in predicting economically feasible targets due to the
assumption that there is little or no change in the population-
specific utilization patterns.[12] Moreover, it is effective in
studies of geographical variations, where utilization patterns
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are stratified. However, changes in future utilization patterns
are not accounted for and can lead to skewed projections.
In addition, information on the utilization and demand for
healthcare services, especially in the private sector, is not
always available. It must also be noted that the disparity
between demand, utilization, and needs for services is not
taken into consideration in this approach.[14]

We propose an integrated approach that estimates healthcare
workforce requirements by projecting the healthcare needs
or quantity of services required to provide optimal healthcare
services to maintain a healthy population (needs based ap-
proach) and forecasting the likely current and future demand
(utilization plus waiting list) of healthcare services among
the population with healthcare needs, using demand data and
expert opinions, taking into consideration expected demo-
graphic, health policy and technological changes. Demand
herein refers to healthcare utilization combined with the time
lapse between appointment booking and the actual patient
visit (wait list). Similar to its constituent approaches, the
integrated approach combines information on demographic
characteristics such as disease prevalence, age, gender, ed-
ucation level, utilization of healthcare services, wait list of
patients seeking healthcare and the market factors that in-
fluence usage. At the same time, other features such as
financing, expansion of services and changing expectations
of healthcare are also incorporated in the healthcare utiliza-
tion estimates. While the assumptions of this approach are
analogous to those of its constituent approaches, some dif-
ferences exist due to the complementary nature of the two
approaches. By considering those who require healthcare
services and their care seeking behavior within the context of
the health system and the likely expected future changes, we
hope to mitigate the limitations of the individual approaches
and better project future health workforce demands.

The first three are traditional approaches commonly
used,[10, 16–21] while the latter is an approach proposed by the
authors. A thorough comparison and evaluation are impor-
tant because each approach introduces unique assumptions
which have implications for the reliability of the forecast
within the context of its application. Moreover, health work-
force numbers have a major impact on population health,
healthcare cost, and health outcomes.[2] Thus, understanding
which approach to use given the characteristics of the health-
care system, population and time horizon of the forecast is
vital.[22] This paper is built on an earlier study on health
workforce projection using only a single approach that has
been already published.[23] In this study, we further compare
health workforce projection results using three distinct con-
ventional forecasting approaches and a proposed integrated
approach and discuss the differences and appropriateness of

each approach. The appropriateness of each approach consid-
ering the characteristics of the healthcare system, population
and time horizon over three time periods – short, medium
and long – are discussed. The integrated approach was found
to be the most versatile and suitable for health workforce
planning.

2. METHOD
To compare the projections from the four health workforce
forecasting approaches, four dynamic simulation models us-
ing the systems modeling methodology of system dynamics
(SD) were developed based on a larger model described in
detail elsewhere.[23] Using the example of eye care work-
force planning in Singapore, the models were initialized and
simulated. The previous model was built solely using the
integrated approach, with the aim of forecasting the eye care
workforce in Singapore, taking into account specific stake-
holder concerns and considerations about changes in the eye
care sector. SD models consist of an interconnecting set of
differential and algebraic equations developed from a broad
range of relevant empirical data.[24–26] The SD methodology
depicts dynamic and detail complexity by focusing on causal
relationships and dynamic feedback mechanism,[27] making
it an appropriate method for understanding the forecasting
approaches. The models are described in the following sec-
tion.

Workforce-to-Population Model: Two inputs – total popu-
lation and average population per workforce – are used to
forecast workforce requirements under this approach. Us-
ing available data, average population per ophthalmologist
was estimated and assumed to remain constant from the year
2012. Total ophthalmologists required for each year is then
estimated by dividing the total population by the average
population per ophthalmologist. The population from the
year 2000 to 2040 under this approach was simulated us-
ing the model below (see Figure 1). The simple aggregate
population model shows births, deaths and net migration as
the three determinants of population change. Births are a
function of average birth rate and the population, whereas
deaths are a function of the population and life expectancy
at birth. Net migration is herein determined by a constant
fraction obtained by calibration. The population model is
validated using publicly available national data.

Needs based Model: Under this approach, three input vari-
ables – people with eye diseases, average visit per person
per year and average patient visit per ophthalmologist per
year – were used to estimate workforce requirements (see
Figure 2). Average patient visit per ophthalmologist per year
was obtained from available data and assumed to remain
unchanged from the year 2012 to 2040. Likewise, average
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visit per person with eye disease per year was obtained from
data and assumed to remain unchanged over the simulation
period. To project the number of people with eye diseases, a
detailed dynamic population model was developed. Based
on other published population models,[27–29] the population
model shows a detailed aging process of the Singapore pop-
ulation disaggregated by single age cohorts (age 0-age 100
and older), gender, ethnicity (Chinese, Malays, Indians, Oth-
ers), and educational attaintment (no formal education, pri-
mary, secondary and tertiary). The population model herein
shows births, deaths and net migration as the three main
determinants of population change. A detailed description
of the population model can be found in the references as
cited.[27–29] To project the number of people with eye dis-
ease, we applied the prevalence of eye diseases from the Sin-
gapore Epidemiology of Eye Diseases (SEED) study[30–32]

for resident Singaporeans 40 years and older to the popu-
lation model of resident Singaporeans. The prevalence of
eye diseases was disaggregated by age, gender, ethnicity
and educational attainment. The eye conditions included
herein are cataracts, diabetic retinopathy (DR), glaucoma,
age-related macular degeneration (AMD), myopia, refractive
error (Note 1: For the case mix administrative data from Sin-
gapore National Eye Centre [SNEC], refractive error refers
to refractive error other than myopia), epiretinal membrane
(ERM), retinal vein occlusion (RVO), and other conditions
(Note 2: Other conditions include the SEED study categories
of Amblyopia, Corneal conditions, PCO, Pterygium, Retinal
scar, Retinal dystrophy, Optic disc, No obvious, Aphakia,
Phthisis, Trauma, Squint and Others, an open category that
includes all other eye diseases not classified into the previ-
ous 21 categories). Since the needs based approach assumes
that all individuals with care needs seek care, the number
of people with eye diseases was multiplied by the average
visit per person with eye diseases per year to obtain projected
demand for eye care services. This was then divided by the
average patient visit per ophthalmologist per year to project
the number of ophthalmologists required.

Utilization based Approach Model: Under this approach,
the number of expected patient visits was divided by the
average patient visit per ophthalmologist per year to project
the number of ophthalmologists required. Patient visits are
herein determined by people with eye diseases, average visits
per person per year and uptake rate. The utilization based
approach model is similar to the needs based approach model
and projects the prevalence of eye diseases among the popula-
tion. In addition, it estimates the proportion of the population
with eye diseases who are likely to seek eye care (uptake
rate). The number of people with eye care needs is projected
exactly as described in the needs based approach. The only

difference between the needs based and the utilization based
approach is that, while needs based approach assumes that all
individuals with care needs will seek care, utilization based
approach postulates that only a fraction of individuals with
care needs will seek care due to various reasons.

Figure 1. Workforce-to-population model

Integrated Approach Model: The integrated approach (see
Figure 3), like the needs based and utilization based ap-
proaches, projects detailed estimates of the number of people
with eye care needs on a population level. However, the popu-
lation with eye care needs is herein divided into three groups
– patients receiving eye care services, patients who have com-
pleted care (or receive step-down care) and unmet eye care
needs. Similar to the population sub-model, these categories
of patients with eye care needs are further disaggregated by
age, gender, ethnicity, and education. To accurately account
for mortality by age, the patients in care and the population
that has completed care are aged over time.

The stock of patients in care increases as new patients from
the stock of unmet eye care needs seek care for the first time
and decreases by mortality and attrition of patient in care.
Patients who completed treatment flow out from the patients
in care stock to the completed care population stock. The
non-surviving patients in each age cohort are removed by
deaths, which is a reflection of age-specific mortality. For the
purpose of this study, it was assumed that completion of treat-
ment is applicable only to patients with these eye diseases
– cataracts, myopia and refractive error – with an estimated
treatment time of three, one and two years respectively. All
other eye conditions specified herein are assumed to require
lifelong care in the specialist eye centers. Mortality rates of
patients in care are similar to that provided in life tables. At-
trition of patients in care was estimated by dividing patients
in care by average time in care. The stock of patients who
have completed care (completed care population) increases
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by attrition of patients in care and decreases by death. Eye
care demand was calculated from the number of patients in
care and average visits per year.

The most important and vital difference between the the in-
tegrated approach and the utilization based approach is that
the integrated approach is capable of accounting for changes
in uptake rate among individuals with eye diseases due to
changing educational attainment, particularly among the el-
derly population, and the inclusion of wait list in calculating
demand for eye care services.

2.1 Model validation

Using the behavior test, simulated behavior was compared
with time series data for selected variables: demand, and
number of ophthalmologists employed. Results showed that
the two were comparable, demonstrating the model’s good fit
with historical data. The model was also presented to stake-
holders to verify its structure and assumptions regarding

causal relationships. It was agreed that the model structure
is sound and valid.

2.2 Data
Demographic data used in the population module were ob-
tained from the Singapore Department of Statistics (SDS).[33]

The population module was calibrated using time series data
on the resident Singapore population from SDS. Age-specific
prevalence estimates from the SEED study[30–32] were used.
Administrative data on patient visits were provided by the
Ministry of Health (MOH). The SNEC provided administra-
tive patient visits case mix data, disaggregated by age, eye
disease, and data on ophthalmologists work schedule used
to estimate the proportion of time spent on clinical work,
research, teaching, and administration duties. The number
of ophthalmologists in Singapore was obtained from Singa-
pore Medical Council (SMC) annual reports from 2003 to
2013.[34] Table 1 shows a list of the various data sources and
model input parameters.

Figure 2. Needs based approach model
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Figure 3. Integrated approach model

2.3 Sensitivity analysis
Sensitivity analysis was performed to account for changes in
the outcome variable as a set of model parameters under each
approach is varied. Using two-way sensitivity analysis,[35]

the value for these sets of parameters were varied by ±25%,
and a uniform distribution for each parameter range was as-
sumed (see Table 2). The model was run 1,000 times for
each set of parameters under each approach. Each run drew
a parameter value from a uniform distribution. We report
95% sensitivity bounds (2.5 percentile to 97.5 percentile) of
the results from the Markov chain Monte Carlo (MCMC)[36]

simulations.

3. RESULTS
Table 3 compares the number of ophthalmologists required
projected by the workforce-to-population ratio, needs based,
utilization based, and integrated approaches. In 2010, the
projected number of ophthalmologists are 101 (95% sen-
sitivity bounds i.e. 2.5 percentile to 97.5 percentile: 77-
125), 645 (389-1,044), 102 (57-179) and 103 (65-171) using
the workforce-to-population, needs based, utilization based

and integrated approaches respectively. By 2040, under the
workforce-to-population ratio approach, the projected num-
ber is 183 (140-226); while that for needs based approach
is 1,465 (883-2,373), and 231 (129-406) for the utilization
based approach. Lastly, 406 (251-674) ophthalmologists
are projected to be required by 2040 under the integrated
approach.

When using the workforce-to-population ratio approach, the
projected number of ophthalmologists required to provide
adequate care for patients with eye diseases shows an 81
percent increase from 2010 to 2040. Under the needs based
approach, ophthalmologists required from 2010 to 2040 will
increase by 127%, representing 8.00 times the number pro-
jected for the workforce-to-population ratio approach. With
the utilization based approach, the projected required oph-
thalmologists increase by 127% from 2010 to 2040, which
is 1.26 times as many as that of the workforce-to-population
ratio approach. Lastly, for the integrated approach, the re-
quired number of ophthalmologists is projected to increase
293% from 2010 to 2040, which is 2.22 times as many as
that of the workforce-to-population ratio approach.
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Table 1. Data sources
 

 

Parameter Value Unit Source 

Workforce Population Ratio:    

Life expectancy Time series [2000-2014] Dimensionless/year Singapore Department of Statistics 

Fertility rate* Time series [2000-2014] Dimensionless/year Singapore Department of Statistics 

Net migration rate& 0.014 Dimensionless/year Model Calibration 

Population per ophthalmologist 28,670 Person/doctor Singapore Medical Council 

Initial population 3,273,360 Person Singapore Department of Statistics 

Needs based approach:    

Cohort length£ 1  - 

Age-specific mortality rate‡  Time series [2000-2014] Dimensionless/year Singapore Department of Statistics 

Average condition per patient§ 1.7 Dimensionless/year SEED Study 

Visits per ophthalmologist† 4,951 Visit/doctor Ministry of Health Singapore 

Utilization based approach:    

Uptake rate   0.157 Dimensionless/year Model Calibration 

Integrated approach:    

Average duration in care     

Cataracts 3 Year  Expert Opinion 

Myopia 1 Year  Expert Opinion 

Refractive Error 2 Year  Expert Opinion 

Initial estimated uptake factor 0.075 Dimensionless/year Model Calibration 

Estimated uptake factor by education    

No education 0.6 Dimensionless/year Estimates from literature 

Primary education 0.759 Dimensionless/year Estimates from literature 

Secondary education 1.03 Dimensionless/year Estimates from literature 

Tertiary education 2 Dimensionless/year Estimates from literature 

Change in uptake rate 0.005   

Note. The same parameters*, & from the workforce-to-population ratio and parameters £, ‡, §, † from the needs based model were also included in both the 
utilization based model and the integrated approach model. 

 

In 2020 (see Figure 4), the projected required ophthalmol-
ogist estimates suggest that the needs based approach esti-
mate is significantly different from that of the workforce-to-
population ratio, utilization based and integrated approaches.
On the other hand, when using the utilization based approach,
there is a 58% chance that the projected number of ophthal-
mologists will fall within the estimate from the workforce-
to-population ratio, considering the uncertainties around the
projection. The likelihood that the projected number of oph-
thalmologists using the utilization based approach will fall
within that projected by the integrated approach is 81%. The

projected number of ophthalmologists from the integrated
approach has a 37% chance of being similar to the workforce-
to-population ratio.

In 2040 (see Figure 5), there is 44% chance that the number
of ophthalmologists projected by utilization based approach
will fall within that projected by the workforce-to-population
ratio, taking into account the uncertainties around the projec-
tion. The needs based approach estimate is entirely different
from all three other approaches. In comparing the integrated
approach to the utilization based approach, there is a 38%
chance of obtaining similar projected numbers.
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Figure 4. Box plot of sensitivity analysis for the year 2020

Figure 5. Box plot of sensitivity analysis for the year 2040

4. DISCUSSION

In comparing the projected number of ophthalmologists re-
quired under the different approaches, we found that each
approach projects a different number of ophthalmologists re-
quired over time. The needs based approach tends to project

the largest number of required ophthalmologists, followed
by integrated, utilization based and workforce-to-population
ratio approaches in descending order. The likelihood of pro-
jecting similar numbers under the approaches differ in the
short and long term. In the short term, our results suggest that
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there is a high likelihood that utilization based and integrated
approaches may project similar results; however, needs based
approach estimates were found to be significantly different
from all the other estimates. In the long term, our results
suggest that the likelihood of projecting a similar number of

ophthalmologists between workforce-to-population ratio and
utilization based approaches, as well as utilization based and
integrated approaches decrease. A summary of the strengths
and weaknesses of the four approaches is shown in Table 4.

Table 2. Model parameter values and ranges for sensitivity analysis
 

 

Parameter Value Range Unit Distribution 

Workforce Population Ratio:     

       Population per ophthalmologist 28,670 21,502-35,837 Person/doctor Uniform 

Utilization based approach:     

       Visits per ophthalmologist  4,951 3,713-6,188 Visit/doctor Uniform 

       Uptake rate  0.157 0.118-0.196 Dimensionless/year Uniform 

       Average visit per patient per year  2.46 1.845-3.075 Visit/patient/year Uniform 

       Average eye condition per patient 1.7 1.257-2.125 Dimensionless/year Uniform 

Needs based approach:     

       Visits per ophthalmologist  4,951 3,713-6,188 Visit/doctor Uniform 

       Average visit per patient per year  2.46 1.845-3.075 Vist/patient/year Uniform 

       Average eye condition per patient 1.7 1.257-2.125 Dimensionless/year Uniform 

Integrated based approach:     

       Visits per ophthalmologist   4,951 3,713-6,188 Visit/doctor Uniform 

       Uptake factor by education      

            No education 0.6 0.51-0.86 Dimensionless/year Uniform 

            Primary  0.759 0.56-0.93 Dimensionless/year Uniform 

            Secondary  1.03 0.77-1.28 Dimensionless/year Uniform 

            Tertiary  2 1.5-2.5 Dimensionless/year Uniform 

       Average visit per patient per year  2.46 1.845-3.075 Vist/patient/year Uniform  

       Average eye condition per patient 1.7 1.257-2.125 Dimensionless/year Uniform  

 

The increase in ophthalmologist requirements by 2040, un-
der the workforce-to-population ratio approach, is mainly a
result of an increase in population size; while that for the
needs based and utilization based approaches include popula-
tion aging. The change in requirement for ophthalmologists
under the integrated approach is due in part to an increasing
population and aging, which is associated with increased
prevalence of eye diseases and increased use of eye care
services due to a combination of factors such as higher edu-
cational attainment, expected increase in screening, subsidies
and availability of healthcare services.

The finding that health workforce forecasting under the four
approaches considered is likely to produce both significant
differences and similarities over time implies that future
health workforce forecast is reliant on the choice of fore-
casting approach. The appropriateness of the forecasting

approach used depends on the changing characteristics of the
population to be served, the timeframe of the forecast, how
factors influencing utilization of care are expected to change
over time, healthcare financing and how the productivity of
the workforce is likely to change.

First, the demographic characteristics of a population to be
served and its possible changes over time should be identi-
fied. In general, a growing population is expected to demand
more healthcare services. However, the increase in demand
between young and aging populations will differ. A young
population is expected to be relatively healthy with disease
burdens unlikely to change drastically, resulting only in a pro-
portionate increase for healthcare services. On the contrary,
the prevalence of chronic conditions in an aging population
is expected to increase, resulting in a more than proportion-
ate increase in the demand for healthcare services.[37] This
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has implications for the number of healthcare professionals
required to maintain a healthy population. In addition, a
demographic distribution such as gender and ethnicity must
also be taken into consideration as disease prevalence have
been shown to differ among these categories.[38–40] The
workforce-to-population ratio simply projects a ratio that
does not account for changes in demographic characteristics,

thereby yielding a significantly underestimated workforce
requirement. Thus, when changes in demographic charac-
teristics are expected, the other three approaches – needs
based, utilization based, and integrated – may be more ap-
propriate because these approaches account for changes in
demographic characteristics.

Table 3. Sensitivity analysis results of required ophthalmologists
 

 

Approach 
Base Year Projected % change 

from 2010-2040 2010 2015 2020 2025 2030 2035 2040 

Workforce- 
to-Populatio
n ratio 

101 
[77-125] 

136 
[105-169] 

145 
[111-179] 

153 
[118-190] 

163 
[125-201] 

173 
[132-213] 

183 
[140-226] 

81% 

Needs based 
645  
[389-1,044] 

849  
[512-1,376] 

995 
[600-1,613] 

1,136  
[685-1,841] 

1,267 
[764-2,054] 

1,379  
[832-2,235] 

1,465 
[883-2,373] 

127% 

Utilization 
based 

102 
[57-179] 

134 
[75-235] 

157 
[87-276] 

179 
[100-315] 

200 
[111-351] 

218 
[121-382] 

231 
[129-406] 

127% 

Integrated 
103  
[65-171] 

144 
[90-241] 

197 
[122-330] 

256 
[158-428] 

315 
[193-524] 

366 
[226-607] 

406 
[251-674] 

293% 

 

Table 4. Overview of approaches
 

 

Approaches Advantages Limitations 

Workforce-to-population 
ratio 

Easy to implement 

Does not require extensive data 

Unable to resolve unequal distribution of health 
workforce 

Does not provide insight into utilization pattern 

Utilization-based 

Predictions are economically feasible 

Effective in studying utilization stratified by 
geographical variations 

Changes in future utilization patterns unaccounted 

Requires extensive data 

Disparity between demand, utilization and needs 
for services is not considered 

Needs-based 

Ability to address the healthcare needs of the 
population 

Unaffected by changes in service utilization 

Requires extensive epidemiological data 

No consideration of practicalities of supply 

Little attention to factors influencing care seeking 
behavior 

Integrated Approach 
Accounts for changes in epidemiological needs, 
care seeking behavior, and other potential changes 
that will affect healthcare demand 

Requires extensive data 

 

The duration over which the workforce requirement is pro-
jected is also an important consideration as the parameters
considered in the projection of healthcare demand are subject
to changes over time. In short, timeframes where changes to
the factors are not expected, the relatively simple workforce-
to-population ratio approach may be used.

Healthcare utilization is dependent on a variety of factors.
The socioeconomic factors that influence healthcare utiliza-
tion have been well documented.[41, 42] Higher educational
attainment is expected to positively influence health care uti-

lization patterns. Studies have shown that those with better
education have increased expectations of their health status
and thus are likely to have increased preventive visits.[43, 44]

An increasingly educated population is also likely to be more
affluent suggesting an increased ability to afford healthcare
services.[45] If utilization is expected to change over time,
the integrated approach will be the most suitable approach
for projecting future requirements for health workforce.

Another important factor to consider when selecting a suit-
able forecasting approach is the mode of healthcare financing
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within a population. Whether healthcare is supplied by free
market mechanisms, public provision or insurance coverage
affects utilization rates and in turn health workforce require-
ments. Since socioeconomic status is one of the determinants
of healthcare utilization, the utilization based or integrated
approaches may be more suited for health workforce forecast-
ing in a healthcare system primarily funded by out-of-pocket
payment. On the other hand, the needs based approaches
may be more suitable for forecasting in a universal healthcare
system or one with compulsory social insurance as it aids in
the identification of the minimum number of healthcare pro-
fessionals required to attend to the health needs of everyone
in a population.[46]

Lastly, the productivity of the health workforce is influenced
by a myriad of factors such as technology, care organiza-
tion and new models of care. Any increase or reduction in
workforce productivity will significantly affect the projection
numbers and therefore cannot be neglected. The increas-
ing use of sophisticated technology in healthcare has been
shown to increase productivity, reducing the need for man-
power. However, it must be noted that whilst the use of
technology often serves to increase productivity, the opposite
effect might result as machine operation may require con-
stant supervision or manual input. In addition, the manner
in which healthcare is organized can have an effect on the
health workforce productivity. In chronic eye care, an in-
creasing number of activities (e.g. fundus photography and
management of diabetic retinopathy patients or intraocular
pressure management in glaucoma patients) could poten-
tially be performed by non-doctors (e.g. optometrist and
ophthalmic technicians). Thus there is a need to optimize
the combination of skills necessary, or skill mix, to deliver
healthcare efficiently to a population.

5. CONCLUSIONS

This paper compares four different approaches for forecast-
ing health workforce requirements over a period of forty
years. A novel approach integrating the needs based and

utilization based approaches was also proposed. By consider-
ing both the demand for eye care services and its utilization
patterns, the limitations of the traditional approaches can be
mitigated. The integrated approach was found to be suitable
for analyzing health workforce requirements over short to
long timeframes due to its dynamic nature.

A variety of factors such as educational attainment and chang-
ing demographics have an impact on the demand for health-
care services and thus have to be considered when projecting
health workforce requirements. As each approach is fun-
damentally different, policy makers must be aware of the
various considerations that must be accounted for when plan-
ning to select a suitable approach for projection.

ACKNOWLEDGEMENTS
We thank Ecosse Lamoureux of the Singapore Eye Research
Institute who provided data.

FUNDING
This work was funded by the Singapore Ministry of Health’s
National Medical Research Council under its STaR Award
Grant (grant number NMRC|STaR|0005|2009) as part of the
project “Establishing a Practical and Theoretical Founda-
tion for Comprehensive and Integrated Community, Policy
and Academic Efforts to Improve Dementia Care in Singa-
pore.” The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the
manuscript.

AUTHORS’ CONTRIBUTIONS
JA, DK, DM and DQ conceived of the study, participated
in its design and supervised the data analysis. JA and VK
drafted the manuscript. JA performed the statistical analysis.
DK, SB, CP, JT, DM, VK and DQ revised the manuscript,
provided conceptual support and critical evaluation. All au-
thors read and approved the final manuscript.

CONFLICTS OF INTEREST DISCLOSURE
The authors declare that they have no competing interests.

REFERENCES
[1] Bloor K, Maynard A, Hall J. Planning human resources in health care:

towards an economic approach: an international comparative review.
2003: Canadian Health Services Research Foundation= Fondation
canadienne de la recherche sur les Services de santé.

[2] Scott A. Alternative Approaches to Health Workforce Planning.
School of Population Health, University of Queensland. 2011.

[3] Denton FT, Spencer BG. Chronic Health Conditions: Changing Preva-
lence in an Aging Population and Some Implications for the Delivery

of Health Care Services. Canadian Journal on Aging/Revue cana-
dienne du vieillissement. 2010; 29(1): 11-21. PMid: 20202262.
https://doi.org/10.1017/S0714980809990390

[4] OECD. Health at a Glance 2013: OECD Indicators. 2013: OECD
Publishing.

[5] Ono T, Lafortune G, Schoenstein M. Health workforce planning in
OECD countries. 2013.

[6] World Health Organization. Models and tools for health workforce
planning and projections. Geneva. 2010.

94 ISSN 2377-7338 E-ISSN 2377-7346

https://doi.org/10.1017/S0714980809990390


http://ijh.sciedupress.com International Journal of Healthcare 2017, Vol. 3, No. 1

[7] O’Brien-Pallas L, et al. Forecasting models for human resources
in health care. Journal of Advanced Nursing. 2001; 33(1): 120-
129. PMid: 11155116. https://doi.org/10.1046/j.1365-264
8.2001.01645.x

[8] Roberfroid D, Leonard C, Stordeur S. Physician supply forecast:
better than peering in a crystal ball? Human Resources for Health.
2009; 7(1): 10-10. PMid: 19216772. https://doi.org/10.118
6/1478-4491-7-10

[9] Lopes MA, Almeida ÁS, Almada-Lobo B. Handling healthcare
workforce planning with care: where do we stand? Human Re-
sources for Health. 2015; 13(1): 38. PMid: 26003337. https:
//doi.org/10.1186/s12960-015-0028-0

[10] Cromwell J, et al. CRNA Manpower Forecasts: 1990-2010. Medical
Care. 1991; 29(7): 628-644. PMid: 2072768. https://doi.org/
10.1097/00005650-199107000-00003

[11] Weiner JP. Forecasting the Effects of Health Reform on US Physi-
cian Workforce Requirement: Evidence From HMO Staffing Pat-
terns. JAMA. 1994; 272(3): 222-230. PMid: 7912746. https:
//doi.org/10.1001/jama.1994.03520030064030

[12] Dreesch N, et al. An approach to estimating human resource require-
ments to achieve the Millennium Development Goals. Health Policy
Plan. 2005; 20(5): 267-76. PMid: 16076934. https://doi.org/
10.1093/heapol/czi036

[13] Resnikoff S, et al. The number of ophthalmologists in practice and
training worldwide: a growing gap despite more than 200,000 prac-
titioners. The British Journal of Ophthalmology. 2012; 96(6): 783-
787. PMid: 22452836. https://doi.org/10.1136/bjophthalm
ol-2011-301378

[14] Dussault G, et al. Assessing future health workforce needs. 2010:
World Health Organization Copenhagen.

[15] O’Brien-Pallas L, et al. Integrating workforce planning, human re-
sources, and service planning. Human Resources for Health Devel-
opment Journal. 2001; 5(1-3): 2-16.

[16] Grumbach K, et al. Physician supply and medical education in
California. A comparison with national trends. Western Journal of
Medicine. 1998; 168(5): 412. PMid: 9614798.

[17] Healy E, Kiely PM, Arunachalam D. Optometric supply and de-
mand in Australia: 2011–2036. Clinical and Experimental Optometry.
2015; 98(3): 273-282. PMid: 25963116. https://doi.org/10.1
111/cxo.12289

[18] Murphy GT, et al. An applied simulation model for estimating the
supply of and requirements for registered nurses based on popula-
tion health needs. Policy, Politics, & Nursing Practice. 2009; 10(4):
240-251. PMid: 20164064. https://doi.org/10.1177/152715
4409358777

[19] Ishikawa T, et al. Forecasting the absolute and relative shortage of
physicians in Japan using a system dynamics model approach. Hu-
man Resources for Health. 2013; 11(1): 41-41. PMid: 23981198.
https://doi.org/10.1186/1478-4491-11-41

[20] Burke BT, et al. A needs-based method for estimating the behav-
ioral health staff needs of community health centers. BMC Health
Services Research. 2013; 13(1): 245-245. PMid: 23816353. https:
//doi.org/10.1186/1472-6963-13-245

[21] Zimbelman JL, et al. Physical therapy workforce in the United
States: forecasting nationwide shortages. PM&R. 2010; 2(11): 1021-
1029. PMid: 21093838. https://doi.org/10.1016/j.pmrj.2
010.06.015

[22] Nigenda G, Mu-os JA. Projections of specialist physicians in Mex-
ico: a key element in planning human resources for health. Hu-
man Resources for Health. 2015; 13(1): 79. PMid: 26391878.
https://doi.org/10.1186/s12960-015-0061-z

[23] Ansah JP, et al. Future requirements for and supply of ophthalmol-
ogists for an aging population in Singapore. Human Resources for
Health. 2015; 13(86). https://doi.org/10.1186/s12960-015
-0085-4

[24] Forrester JW. Industrial dynamics. Cambridge, Massachusetts: M.I.T.
Press; 1961.

[25] Homer JB, Hirsch GB. System Dynamics Modeling for Public Health:
Background and Opportunities. American Journal of Public Health.
2006; 96(3): 452-458. PMid: 16449591. https://doi.org/10.2
105/AJPH.2005.062059

[26] Sterman J. Business dynamics: systems thinking and modeling for a
complex world. Boston: Irwin/McGraw-Hill. 2000.

[27] Ansah JP, et al. Simulating the impact of long-term care policy on fam-
ily eldercare hours. Health Services Research. 2013; 48(2 PART2):
773-791. PMid: 23347079. https://doi.org/10.1111/1475-6
773.12030

[28] Eberlein RL, Thompson JP, Matchar DB. Chronological Ageing in
Continuous Time. in 30th International Conference of the System
Dynamics Society. Albany, NY: System Dynamics Society. 2012.

[29] Thompson JP, et al. Future living arrangements of Singaporeans with
age-related dementia. International Psychogeriatrics. 2012; 24(10):
1592-1599. PMid: 22717169. https://doi.org/10.1017/S104
1610212000282

[30] Pan CW, et al. Prevalence and Risk Factors for Refractive Errors
in Indians: The Singapore Indian Eye Study (SINDI). Investigative
Ophthalmology & Visual Science. 2011; 52(6): 3166-3173. PMid:
21296814. https://doi.org/10.1167/iovs.10-6210

[31] Lavanya R, et al. Methodology of the Singapore Indian Chinese
Cohort (SICC) Eye Study: Quantifying ethnic variations in the epi-
demiology of eye diseases in Asians. Ophthalmic Epidemiology.
2009; 16(6): 325-336. PMid: 19995197. https://doi.org/10.3
109/09286580903144738

[32] Rosman M, et al. Review of key findings from the Singapore Malay
Eye Study (SiMES-1). Singapore Medical Journal. 2012; 53(2): 82-
87. PMid: 22337179.

[33] Singapore Department of Statistics, Key Indicators of Resident
Households. 2010.

[34] Singapore Medical Council, Singapore Medical Council Annual Re-
ports 2003-2013.

[35] Saltelli A, Chan K, Scott EM. Sensitivity analysis. New York: Singa-
pore; Wiley; 2000.

[36] Marjoram P, et al. Markov Chain Monte Carlo without Likelihoods.
Proceedings of the National Academy of Sciences of the United
States of America. 2003; 100(26): 15324-15328. PMid: 14663152.
https://doi.org/10.1073/pnas.0306899100

[37] Evashwick C, et al. Factors explaining the use of health care ser-
vices by the elderly. Health Services Research. 1984; 19(3): 357-382.
PMid: 6746297.

[38] Zhang M, et al. The prevalence of dementia and Alzheimer’s dis-
ease in Shanghai, China: Impact of age, gender, and education.
Annals of Neurology. 1990; 27(4): 428-437. PMid: 2353798.
https://doi.org/10.1002/ana.410270412

[39] Loh PT, et al. Ethnic disparity in prevalence of diabetic kidney dis-
ease in an Asian primary healthcare cluster. Nephrology (Carlton).
2015; 20(3): 216-23. PMid: 25495003. https://doi.org/10.1
111/nep.12379

[40] Park E, Kim J. Gender- and age-specific prevalence of metabolic
syndrome among korean adults: analysis of the fifth Korean National
Health and Nutrition Examination Survey. J Cardiovasc Nurs. 2015;
30(3): 256-66. PMid: 24695075. https://doi.org/10.1097/JC
N.0000000000000142

Published by Sciedu Press 95

https://doi.org/10.1046/j.1365-2648.2001.01645.x
https://doi.org/10.1046/j.1365-2648.2001.01645.x
https://doi.org/10.1186/1478-4491-7-10
https://doi.org/10.1186/1478-4491-7-10
https://doi.org/10.1186/s12960-015-0028-0
https://doi.org/10.1186/s12960-015-0028-0
https://doi.org/10.1097/00005650-199107000-00003
https://doi.org/10.1097/00005650-199107000-00003
https://doi.org/10.1001/jama.1994.03520030064030
https://doi.org/10.1001/jama.1994.03520030064030
https://doi.org/10.1093/heapol/czi036
https://doi.org/10.1093/heapol/czi036
https://doi.org/10.1136/bjophthalmol-2011-301378
https://doi.org/10.1136/bjophthalmol-2011-301378
https://doi.org/10.1111/cxo.12289
https://doi.org/10.1111/cxo.12289
https://doi.org/10.1177/1527154409358777
https://doi.org/10.1177/1527154409358777
https://doi.org/10.1186/1478-4491-11-41
https://doi.org/10.1186/1472-6963-13-245
https://doi.org/10.1186/1472-6963-13-245
https://doi.org/10.1016/j.pmrj.2010.06.015
https://doi.org/10.1016/j.pmrj.2010.06.015
https://doi.org/10.1186/s12960-015-0061-z
https://doi.org/10.1186/s12960-015-0085-4
https://doi.org/10.1186/s12960-015-0085-4
https://doi.org/10.2105/AJPH.2005.062059
https://doi.org/10.2105/AJPH.2005.062059
https://doi.org/10.1111/1475-6773.12030
https://doi.org/10.1111/1475-6773.12030
https://doi.org/10.1017/S1041610212000282
https://doi.org/10.1017/S1041610212000282
https://doi.org/10.1167/iovs.10-6210
https://doi.org/10.3109/09286580903144738
https://doi.org/10.3109/09286580903144738
https://doi.org/10.1073/pnas.0306899100
https://doi.org/10.1002/ana.410270412
https://doi.org/10.1111/nep.12379
https://doi.org/10.1111/nep.12379
https://doi.org/10.1097/JCN.0000000000000142
https://doi.org/10.1097/JCN.0000000000000142


http://ijh.sciedupress.com International Journal of Healthcare 2017, Vol. 3, No. 1

[41] Agerholm J, et al. Socioeconomic differences in healthcare utiliza-
tion, with and without adjustment for need: an example from Stock-
holm, Sweden. Scand J Public Health. 2013; 41(3): 318-25. PMid:
23406653. https://doi.org/10.1177/1403494812473205

[42] Van der Heyden JHA, et al. Socio-economic differences in the utilisa-
tion of health services in Belgium. Health Policy. 2003; 65(2): 153-
165. https://doi.org/10.1016/S0168-8510(02)00213-0

[43] Hulka BS, Wheat JR. Patterns of Utilization: The Patient Perspective.
Medical Care. 1985; 23(5): 438-460. https://doi.org/10.109
7/00005650-198505000-00009

[44] Machry RV, et al. Socioeconomic and psychosocial predictors of
dental healthcare use among Brazilian preschool children. BMC Oral
Health. 2013; 13(1): 60-60. PMid: 24171711. https://doi.org/
10.1186/1472-6831-13-60

[45] Cooper RA, et al. Poverty, wealth, and health care utilization: a
geographic assessment. J Urban Health. 2012; 89(5): 828-47. PMid:
22566148. https://doi.org/10.1007/s11524-012-9689-3

[46] Wendt C. Mapping European healthcare systems: a comparative
analysis of financing, service provision and access to healthcare.
Journal of European Social Policy. 2009; 19(5): 432-445. https:
//doi.org/10.1177/0958928709344247

96 ISSN 2377-7338 E-ISSN 2377-7346

https://doi.org/10.1177/1403494812473205
https://doi.org/10.1016/S0168-8510(02)00213-0
https://doi.org/10.1097/00005650-198505000-00009
https://doi.org/10.1097/00005650-198505000-00009
https://doi.org/10.1186/1472-6831-13-60
https://doi.org/10.1186/1472-6831-13-60
https://doi.org/10.1007/s11524-012-9689-3
https://doi.org/10.1177/0958928709344247
https://doi.org/10.1177/0958928709344247

	Introduction
	Method
	Model validation
	Data
	Sensitivity analysis

	Results
	Discussion
	Conclusions

