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ABSTRACT
Low-income and middle-income countries account for
over 80% of the world’s infectious disease burden, but
<20% of global expenditures on health. In this context,
judicious resource allocation can mean the difference
between life and death, not just for individual patients,
but entire patient populations. Understanding the cost
of healthcare delivery is a prerequisite for allocating
health resources, such as staff and medicines, in a way
that is effective, efficient, just and fair. Nevertheless,
health costs are often poorly understood, undermining
effectiveness and efficiency of service delivery. We
outline shortcomings, and consequences, of common
approaches to estimating the cost of healthcare in low-
resource settings, as well as advantages of a newly
introduced approach in healthcare known as time-
driven activity-based costing (TDABC). TDABC is a
patient-centred approach to cost analysis, meaning that
it begins by studying the flow of individual patients
through the health system, and measuring the human,
equipment and facility resources used to treat the
patients. The benefits of this approach are numerous:
fewer assumptions need to be made, heterogeneity in
expenditures can be studied, service delivery can be
modelled and streamlined and stronger linkages can be
established between resource allocation and health
outcomes. TDABC has demonstrated significant
benefits for improving health service delivery in high-
income countries but has yet to be adopted in
resource-limited settings. We provide an illustrative
case study of its application throughout a network of
hospitals in Haiti, as well as a simplified framework for
policymakers to apply this approach in low-resource
settings around the world.

INTRODUCTION
The way resources are allocated to address
health needs can have widespread impacts
on the well-being of country populations.
This is particularly true where resources are
limited. Compared with annual healthcare
expenditures in OECD countries, which
average $4000 per person, annual ex-
penditures in low-income countries average
$40 per person—a 100-fold difference.1

Meanwhile, the burden of infectious disease
is roughly 40 times greater on a per capita
basis.2 As such, the centrality of constrained
costs in low-resource settings is absolute and
unavoidable (see figure 1).
Phrases like ‘value for money’, ‘cost-

effectiveness’ and ‘return on investment’ are
ubiquitous. There is, however, a disconnect
between this rhetoric and the availability of
decision-making tools for healthcare provi-
ders and payers.3 4 Reasons for this are varied:
political constraints within and beyond the
health sector,5 6 logistical challenges with data
collection7 8 and ethical considerations.9 10

Underpinning each is a weak understanding
of the means by which we measure costs and
value in healthcare provision.11

Key questions

What is already known about this subject?
▪ The cost of providing healthcare is often poorly

understood.
▪ Common approaches for evaluating health costs,

such as those developed by the World Health
Organization and World Bank, have significant
shortcomings.

What are the new findings?
▪ Time-driven activity based costing (TDABC) is a

methodology that allows providers and staff to
observe resource costs at the patient-level in
order to inform delivery of care.

▪ This manuscript provides an overview of the
comparative advantages of TDABC, as well as a
set of resources for conducting TDABC in low-
resource settings.

What are the recommendations for policy
and practice?
▪ We recommend that policymakers, hospital staff

and health systems specialists apply the princi-
ples of TDABC in order to improve both health
cost estimates and resource allocation for health
service delivery.
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UNDERSTANDING HEALTHCARE COSTS
Even in high-income countries like the USA and UK,
costs are rarely examined at the level of the patient and
their medical condition. Rather, they are viewed through
the prism of charges for services rendered (ratio of
cost-to-charges approach),12 or approximations of the
skill level needed to perform the service (relative value
unit (RVU) approach).13 14 In the former, hospitals
aggregate costs at the service department level, and arbi-
trarily assume a direct relationship between costs for a
service and what the hospital charged the payer.15 In the
latter, hospitals use RVU-based formularies that assign
cost based on the level of training needed to perform a
given service.16 In neither case are costs understood as
the actual consumption of resources—the time of clin-
ical staff and equipment, the spending on materials and
utilities—used to achieve patient outcomes.
The ramifications of this omission are profound, par-

ticularly in poorer countries where resources are scarce.
At face value, ignoring the actual cost of patient care
impedes the ability to improve efficiency, reduce the
cost of care and associate costs with patient outcomes.17

While a certain amount of inefficiency is inevitable in

any system, the consequences are much more severe in
low-resource settings. Additionally, equating cost with
reimbursement for services leads to further distortion
by incentivising providers to increase the quantities
of highly reimbursed services, regardless of value to
patients, and discouraging the use of poorly reimbursed
but high-value interventions, such as counselling
patients and their families.18 This can inflate long-term
costs for patients because they are not provided with
optimal care.

THE EXISTING LANDSCAPE
From an implementation perspective, many low-resource
settings cannot apply methods utilised in settings like
the USA or UK: facilities in these settings rarely have
charge data available, and their medical billing informa-
tion lacks the level of specificity necessary to leverage an
RVU-type model. Recognising these constraints, policy-
makers, economists and researchers in low-income and
middle-income countries have developed several frame-
works for measuring costs. Two of the most frequently
referenced are the WHO-CHOICE framework of the

Figure 1 Country wealth, government health expenditures and infectious disease in 150 countries. The size of each bubble

represents the magnitude of the infectious disease burden in countries around the world, in disability-adjusted life years per

capita. While high-income countries like the USA and UK spend over US$3500 per capita per year on healthcare, the magnitude

of infectious disease is minuscule. Comparatively, low-income countries like Haiti spend <US$100 per capita per year on

healthcare and have a much larger burden of infectious disease. Note that the log-distributions of GNI per capita and government

health expenditures per capita are presented above.
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WHO, and a suite of manuals, tools and reports devel-
oped by the World Bank.
The WHO-CHOICE framework uses a bottom-up

approach to cost aggregation, with an emphasis on study-
ing sector-wide strategic health plans and policies.19

In practice, ‘bottom’-up approaches assign individual
expenditures to cost centres—such as infrastructure and
human resources—and estimate the extent to which cost
centres serve the programme, plan or policy in question.20

While the considerations accounted for by WHO-CHOICE
are specific,21 neither the WHO-CHOICE framework
nor the associated OneHealth Tool is designed to
monitor time and resource utilisation at the level of the
individual patient’s health conditions.22 The same can be
said for other cost-effectiveness analysis manuals devel-
oped by the WHO that extend beyond the scope of
WHO-CHOICE.23 24

A second series of costing tools, developed by the
World Bank, outlines a broader array of approaches.
These include bottom-up methods akin to the
WHO-CHOICE model, and top-down approaches in
which total expenditures for an intervention or service
—defined, for example, by level of funding available—
are divided by total service units.25 26 In all cases, the
strength of these approaches lies in their ability to
quickly produce estimates for macro-level priority
setting. However, from a management perspective,
examination of department and service level costs—
rather than per-patient estimates—preclude individuals
from looking at heterogeneity in the cost of care delivery
across patients, hospitals and physicians. Additionally,
they often fail to measure costs over the life cycle of a
patient’s medical condition, impeding the development
of value-based reimbursement models: These models
inherently depend on the ability to reimburse based on
the value produced to the patient, and requires observa-
tion of patient outcomes over a longer time horizon
than that typically selected as the unit of analysis—such
as a single patient visit.

TIME-DRIVEN ACTIVITY-BASED COSTING
In contrast to these approaches, a newer costing
method, known as time-driven activity-based costing
(TDABC), has been at the forefront of reforms in high-
income countries and has yielded significant cost savings
at healthcare facilities throughout the USA and Europe.27

Compared with the approaches outlined above, the prin-
ciple underpinning TDABC is different: measure the
costs of all the resources used to treat a patient’s medical
condition over a complete cycle of care. In this way, costs
and outcomes can be measured accurately at the patient
level. While also a ‘bottom-up’ approach to costing,
TDABC focuses on the costs incurred at the patient level,
which facilitates discussions about care delivery innov-
ation and reforms to payment systems.
In practice, implementing the TDABC approach

follows a four-step procedure: inductively determine the

care processes for individual patients by shadowing
them; calculate cost rates for personnel and equipment;
measure spending on consumables; and allocate indirect
costs in a causal manner. Colloquially, the content can
be thought of in terms of: activities, people, materials
and remainders. We review each, briefly, in conjunction
with the antenatal care (ANC) process map outlined in
figure 2.
▸ Activities. What activities are performed over the cycle

of care for a condition, who performs each activity
and how long do they spend on each activity? In the
example of an ANC visit, as outlined in figure 2,
seven activities are performed. The second of these,
registration, is performed by an archivist, who takes
9 min to perform the task.

▸ People. What is the cost, per unit of time, for each
type of personnel and equipment used during the
care cycle? The answer to this question generates cap-
acity cost rates. For instance, an archivist in Haiti
works 6 hours a day, 5 days a week, for 50 weeks a year
—at a salary of US$2000/year. Seen this way, an archi-
vist’s capacity cost rate is US$0.022/min: US$2000
divided by 90 000 min.

▸ Materials. What materials, supplies and drugs are con-
sumed during the care cycle? For example, during
physician consultation, consumables might include
testing strips and latex gloves.

▸ Remainders. What are the additional costs incurred
that are not directly consumed over the cycle of care?
Indirect costs are those that do not directly contrib-
ute to individual patient care, but are nevertheless
expended. For instance, this would include costs such
as salary of administrators, health systems information
technology and janitorial support.
The TDABC approach has several clear benefits rela-

tive to traditional costing approaches. First, compared
with top-down estimates, providers can ascertain the cost
of care for specific treatment pathways—for example,
they can compare the cost of a normal vaginal delivery
with a caesarean section.28 Second, compared with other
bottom-up methods of costing, TDABC data are col-
lected at the patient-level, rather than the service or cost
centre level. This allows for the measurement of add-
itional costs incurred to treat persons with high risk
factors for that medical condition, such as age, obesity,
substance abuse and comorbidities. Third, by associating
time contributed by resources to specific conditions, pro-
viders learn how much of their resources’ capacity are
allocated to certain activities relative to others.29

Fourth, directly tracing the patient flow through a
facility is a way of inductively modelling the existing
system of care for a given condition, thereby generating
discussion about the ways in which this system may be
optimised over the care cycle to create better outcomes
and efficiencies.30 For example, there may be activities
where a lower-paid person could be substituted, without
compromising patient care and quality, for an expensive
physician or nurse, which enables scarce personnel
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resources to be freed up for clinical activities that only
they can perform. Last, and perhaps most critically, to
the extent that patient outcomes are associated with the
patient costs produced by TDABC, one can begin to
draw linkages between resource utilisation and improve-
ments in patient health.31

OBSTACLES TO IMPLEMENTATION
TDABC has been applied almost exclusively in high-
income countries, although there are a few notable
exceptions32 33 in which staff time has been directly esti-
mated. The limited adoption of TDABC in resource-
constrained settings can be explained by the lack of a
standard set of tools or curricula to apply this approach.
Additionally, the approach requires greater technical
expertise and resources than the other approaches.
Finally, most data necessary to produce estimates are

either non-existent, difficult and time-consuming to
obtain, or of poor quality in such settings.
None of these obstacles is insurmountable. In figure 3,

we provide two tools for implementing TDABC in
resource-constrained settings. The tools correspond to a
simplified approach, using lay people to document
patient flow and catalogue resources expended. We
believe that following this framework should generate
information of the quality necessary to harness the bene-
fits of this costing approach. To support this, we have
outlined a short case study from implementation in
Haiti, which highlights the ways in which application of
TDABC can be used to inform decision-making by pol-
icymakers and hospital administrators.

A CASE STUDY: HAITI
Haiti is the poorest country in the western hemisphere.
The average income per capita is US$800/year.34 In

Figure 2 Process map of antenatal care visit in Haiti. Time stamps for each step of patient care are presented in each of the

orange circles. Rectangles represent activities in the cycle of care, while diamonds represent decision nodes.

Figure 3 Resources for conducting time-driven activity-based costing.

4 McBain RK, et al. BMJ Glob Health 2016;1:e000134. doi:10.1136/bmjgh-2016-000134

BMJ Global Health

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2016-000134 on 11 N

ovem
ber 2016. D

ow
nloaded from

 

http://gh.bmj.com/


terms of health, the average life expectancy is 63 years;35

1 in 15 children do not live to see their fifth birthday,36

and 1 in 90 women die from causes related to pregnancy
and childbirth.37 Partners in Health (PIH) has been
working in Haiti for over 25 years. Utilising the resources
outlined in figure 3, over the past year, PIH implemen-
ted TDABC at five health centres, representing a cross
section of our primary and secondary health centres
(figure 4). Ethics approval for this study was provided by
the Zanmi Lasante Institutional Review Board.
Understanding costs at the patient-level enabled staff to
gain insights on process improvements, predictive analy-
tics and health financing strategies.
The mapping of the flow of clinical services was used

to identify and reduce variation in the care provided for
particular conditions across the network. It also allowed
the organisation to pinpoint shortcomings in resources;
for example, the underprescription of medicines due to
stock-outs. Third, TDABC directly observes staff time
allocations to specific activities, including instances in
which specialised staff perform activities that could be
performed by more general staff. This, in turn, catalysed
discussions about the distribution of healthcare through-
out a network—for instance, task-shifting some level of
service delivery to community health workers in order to
increase patient access to care.
Predictive analytics have allowed us to use the data to

forecast costs. For example, we were able to examine

current and expected volume of ANC visits over the
next year—based on demographic trends in population
growth and fertility rates—allowed us to project expected
cost over the next year. Data at the patient-level also
enabled us to examine heterogeneity in costs—within
and between facilities. Figure 5 provides an illustration
of this. The average initial ANC visit at Hospital St
Nicholas (HSN, n=355), a district-level hospital in St
Marc, cost $24.95 (SD=$2.75). Comparatively, the cost at
Lacolline Health Center (n=282), a lower-level facility in
Lascahobas, cost $11.02 (SD=$3.67). This difference was
highly statistically significant (p<0.001) and reflected
the fact that HSN had more specialised and higher-paid
staff providing routine ANC.
Heterogeneity within and between facilities also

reflected sources of variation such as stock-outs in medi-
cines at specific facilities, which allowed us to reassess
our supply chain. Underutilisation of medicines due to
stock-outs was identified in two ways: first, when physi-
cians failed to prescribe medicines that were obvious for
certain conditions—such as antihypertensives for
patients with hypertension—physicians were interviewed
and stated the reason as stock-outs. Second, distribution
of medicines to patients, and the absence of this activity
due to stock-outs, was documented in real time by staff
who shadowed pharmacists.
Finally, an accurate understanding of costs allowed for

a valuation of the care we provide, including an entry

Figure 4 Map of Haiti where time-driven activity-based costing (TDABC) data were collected. Orange area represents the

catchment region of Zanmi Lasante. ‘H’ marks a Zanmi Lasante health facility, and those with a yellow dot represent facilities

incorporated in the TDABC analysis.
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point for negotiating the price of health services. PIH
provides healthcare for those who would not typically be
able to afford unsubsidised care. Knowing the cost of
our care therefore allowed the organisation to justify—to
both private funders and private and public insurers—
the value placed on services, and advocate for further
investments.
Much of the improvements described above would not

have been possible with other costing approaches. To
provide an illustrative example, we analysed service-level
cost data from Lacolline using the WHO-CHOICE
framework. The resulting ANC visit cost estimate pro-
duced by this differed modestly from that produced by
TDABC. However, the WHO-CHOICE method required
significantly more assumptions about percentage of
staff time allocated to activities with patients, which were
directly observed and documented using TDABC.
Additionally, the direct observation inherent in TDABC
gave transparency into the care process and allowed for
the creation of a CI around our point estimate, as well
as exploration of heterogeneity in costs across patients—
by provider, by patient type, by service and facility. As
noted above, exploration of this heterogeneity presented
opportunities to reduce patient-level variance in costs by
streamlining protocols and processes, and allowed us to
identify variance accounted for by medicine stock-outs
and broken laboratory equipment.

LIMITATIONS OF TDABC
There are several limitations to TDABC. First, conduct-
ing TDABC is time-intensive, requiring 2–3 personnel to
commit roughly 20 hours per condition examined. In
low-resource settings like Haiti, this may translate to
several hundred or thousand dollars’ worth of staff time.
Institutions looking at pursuing this approach would do

well to focus first on high-volume and high-cost
conditions.
Second, conclusions reached from TDABC may not

always translate in the real world. For example, ‘pushing’
care down to a lower level of the tertiary care system
may not work in a setting with significant geographic
and transportation barriers.
Third, apart from the complementary assessment of

patient outcomes, TDABC should be seen as a descrip-
tive, rather than prescriptive, tool. In low-income and
middle-income countries, it is likely that the cost of
care is below that which would be adequate to achieve
ideal patient outcomes. For example, observing that a
physician spends only 3 min in consultation with a
patient is not a sign of the physician’s efficiency or
productivity. More likely, it indicates inadequate staffing
levels and overall resource scarcity, producing cost esti-
mates far below those necessary to deliver adequate
care. In other words, TDABC can help us understand
the cost of care delivery as it stands today, but it does
not tell us what the cost of care would be in an
optimised world.
Fourth, TDABC should (ideally) be compared with a

top-down approach to cost analysis in which total expen-
ditures are calculated using total units of activities:
because TDABC assumes a bottom-up approach, it risks
the possibility of failing to capture broader, indirect
costs. This is a particularly significant barrier in low-
resources settings, where indirect costs are higher due to
geographic and other logistical barriers in transporting
medicines, equipment, fuel and supplies to and from
facilities.
Finally, in settings like Haiti, the resources utilised

over a cycle of care may come from numerous organisa-
tions: for example, human resources from PIH and the
Ministry of Health, and medicines from international
organisations like the Global Fund. With the contribu-
tion of each additional actor, identifying and parsing out
individual costs becomes increasingly challenging.

CONCLUSIONS
Traditional costing approaches in low-resource settings
have been able to do little more than provide an average
cost per patient. However, as health systems expand,
understanding the cost of care for the individual
patient’s medical condition is essential for process
improvement, standardisation, efficient care delivery and
value-based payment systems. As governments and provi-
ders consider cost controls, fine-tuning the system to
reduce inefficiencies and unwanted variation may prove
more responsive than wide-scale reductions in staffing
and medicine. Moreover, as low-income and
middle-income countries strive towards universal health
coverage, the ability to synthesise demographic and
burden of disease information with robust cost analytics
will enable financial planning and financing that is
empirically justified.

Figure 5 Variation in cost of an antenatal care visit, by

patient and facility. Information collected at Zanmi Lasante

hospitals in Lascahobas and St Marc, Haiti, based on direct

observation of patients and interviews with providers. Each

dot represents the cost of a patient to the system, in USD.

Observations two or more SDs above and below the mean

were excluded from the figure.
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