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Background: The scaling up of HIV/AIDS programming has been one of the
most extensive undertakings in international public health. Yet decision-makers are
encountering significant uncertainties about financing and the need to understand
programming costs at different scales of delivery.

Objectives: To review the economic methodologies for examining costs and variation
by scale. To summarize and synthesize the current evidence related to the provision of
HIV/AIDS interventions and scaling up.

Methods: We used a review of economic methodologies to generate a conceptual
framework for classifying existing data, looking at both short-run and long-run perspect-
ives. A review of the literature was performed using PubMed and available grey
literature. Factors facilitating comparison and generalizability are highlighted.

Results: There is growing evidence of scale variation among the costs of HIV/AIDS
interventions. Scale variation has been found to explain 26-70% of cost variation
across locations for similar interventions. Average costs may become larger or smaller
as the volume of services expands, depending on the level of coverage and type of
intervention. Key constraints to scaling up include infrastructure investments and cost
results need to be interpreted in this light.

Conclusions: Evidence to date suggests that cost efficiencies associated with scale may
reflect different ways of delivering services at higher volumes, including lower quality
outputs. There is still, however, an extremely limited economic evidence base and
mechanisms to integrate economic analyses into routine programme monitoring are

recommended. © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction broader context of the millennium development goal

The scaling up of HIV/AIDS programming in resource-
constrained settings has been one of the most extensive
undertakings in international public health. Just in the
5-year period 2001-2005, the number of people receiving
antiretroviral treatment in low and middle-income
countries increased fivefold, from 240 000 to 1.3 million
[1]. The current speed and level of global resources
focused on the HIV/AIDS problem are unprecedented.
International commitments towards the goal of universal
access to comprehensive HIV prevention, treatment,
care and support by 2010 were endorsed by leaders of the
G8 countries in 2005, and subsequently supported at
the UN General Assembly high level meeting on AIDS
in June 2006. These commitments occur within the

aiming to halt and begin to reverse the spread of HIV/
AIDS by 2015.

The goals of universal access and the millenium
development goals place further programming emphasis
on the rapid scaling up of both HIV/AIDS prevention
and treatment efforts. Decision-makers are, however,
encountering significant uncertainties related to costs,
financing and sustainability for scaled-up programmes.
From a policy perspective on the resources that may be
required for expanding services, decision-makers need to
understand what constitutes the programming costs at
different levels of scale by mode of delivery as well as the
extent to which experiences from different countries and
circumstances can be generalized.
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A number of reviews have already highlighted the lack of
data specific to costs and the cost-effectiveness of HIV/
AIDS interventions [2—5]. To date, estimates for global
resource requirements [6—9] have largely relied on the
assumption that average or unit costs are invariant to
the scale of delivery [10], reflecting the lack of evidence
related to scale.

How important are scale effects to costs? In this era of
rapid scale-up, this question is central for determining,
first, appropriate levels of financing and expenditures for
programmes and, second, the extent to which resources
are used efficiently. The aim of this paper is to review
the economic methodologies that have been used to
examine costs and variation by scale and, in doing so, to
summarize and synthesize current evidence related to the
costs of providing HIV/AIDS interventions and scaling

up.

Methods

Background to economics of scale

Economists define a cost as the value of resources used in
producing a service. Costs reflect the process involved in
producing a service, and are a function of the mix of
inputs used and the way they are combined (techno-
logies). Generally, it is assumed that there is some degree
of substitutability between inputs, so that there are
different ways or technologies by which to produce a
service. The economic or opportunity cost of using a
resource is the value of a good or service were it to be used
elsewhere [11]. The total cost of an activity represents the
cost of all the inputs used to provide a service (including
staff, materials and buildings). Scale describes the extent
or level of activity and output at which an intervention is
operating. The scale of a project can thus be measured in a
number of ways: by the coverage of activity (e.g. the
proportion or percentage of people reached by an
intervention); by the volume of output of these activities
(e.g. the total number of condoms provided, total number
of persons trained); or more simply by the level at which
the activities are undertaken (e.g. community, district or
national) [5].

The total cost of an activity falls into two categories: fixed
costs refer to inputs whose quantity does not change as the
level of output changes. For example, once a building is
rented or built for a voluntary counselling and testing
(VCT) site, it is fixed even though the number of people
receiving VCT increases. Variable costs refer to the costs
of inputs that change as the level of output changes, such
as the testing kits for counselling, which will depend on
the number of clients. Economic theory also distinguishes
between the short and long-run. In the short-run, the
amount of fixed inputs cannot be changed. In the long-
run, the level of all inputs can be changed.

Even interventions characterized by higher proportions of
fixed costs will reach limits to the level of coverage possible
and will eventually require additional fixed inputs.
Ultimately, the VCT centre will become so crowded that
further investments in space will be required. This
phenomenon is referred to as diminishing returns. When
are these limits reached? From an operational perspective,
this point can be judged by a number of criteria (e.g.
quality, waiting-time). Cost theory also suggests how to
judge capacity limits for existing levels of inputs using
measures of average and marginal costs.

The average or unit cost is calculated by dividing the total
cost by the units of output or services produced. The
marginal cost is the change in total cost of producing one
more unit of output, e.g. seeing one more person at the
VCT centre. Figure 1 demonstrates these theoretical cost
relationships. Economies of scale or scale efficiency are
said to be present if average costs decrease as the level of
output increases. Economies of scale may be present as a
result of indivisibilities in how the project is operated or
specialization and the division of labour that requires a
large volume of output to be beneficial. For example, a
minimum level of fixed inputs is needed to run the VCT
centre (e.g. the building), regardless of whether one or
100 people are seen. The average cost of seeing one client
is far more than the average cost of seeing 100 people, as the
fixed costs are spread over fewer people (or outputs). The
lowest cost per person reached is described as the minimum
average cost and is the point of scale-efficiency. If marginal
costs are lower than average costs, then increasing the
number of people seen will lower the average cost per
person. Figure la indicates economies of scale if the
intervention is producing a volume of services to the left of
the ‘Min’ (minimum) point, indicating that it would be
cheaper to increase coverage through the expansion of
current services rather than replication. To the right
of Min however, diseconomies of scale are present and the
cost per person reached increases with increases in volume.
Average costs are higher than marginal costs, so increasing
output by one unit will mean that average costs will now
increase. In this case, it might be more efficient to start
another centre of size ‘Min’ (the scale-efficient volume of
services) rather than continue expansion at this centre.

Theoretically, it is assumed that there are U-shaped
average and marginal cost curves. In practice, however,
that is not necessarily the case. Depending on the
intervention or project and its cost structure, one may
have only economies or diseconomies of scale, as shown
in Fig. 1b.

Framework of economic methodologies
Economic methodologies were first reviewed in order to
generate a conceptual framework for classifying empirical
data, looking at both short-run and long-run perspect-
ives. These methodologies were then used to classify the
studies found in a literature review.
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Fig. 1. Relationships between average and marginal costs. (a) Theoretical relationship between average and marginal costs; (b)
range of average cost curves. AC, Average cost; MC, marginal cost; Q, output. Data from Varian [12].

Knowing the relationship between average cost, marginal
cost and output levels can demonstrate how costs change as
coverage/scale changes. In practice, the average or
marginal cost curves are not fully observed and rely on
estimates from collected data. Our framework classifies
studies according to timeframe and methods used in the
cost analysis, allowing for short, medium and long-run
periods that are distinguished by the extent to which all
inputs can vary. Coverage or scale limits are apparent in the
short and medium-run, with the short-run constrained to
the current capacity of fixed inputs. In the medium and
long-run, changes in capacity or systems are possible.

Empirical approaches measure actual costs as programmes
change the volume of services. Costs can be measured
through time, or using a cross-section of different
programmes at various scales to consider the range of
costs. The empirical approach helps generate average
costs, but is less amenable to measuring marginal costs. In
reality, different programmes do not operate with small
output incremental differences in scale (such as for each
additional person seen). It is generally possible to measure
changes in costs associated with larger increments (such as
for every 100 people). Empirical approaches can examine
how costs vary by scale but cannot systematically measure
the extent to which scale, relative to other variables,
drives average costs.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Econometric methods estimate the relationship between
costs and a variety of factors such as the level of output,
allowing for the derivation of average and marginal cost
curves as well as a quantification of the degree of scale
economies. The method requires empirical data on
the costs of the intervention at various levels of output or
scale with a minimum of 20—30 data points [12,13]. Then
a theoretically specified cost function is fitted to the data,
and estimates of the relationship between the costs and
scale factors can be estimated. Scale eftects of this nature
have been described particularly in the hospital cost
literature [14], in which econometric methods have been
used to consider the optimal size of different types of
hospitals and other facilities, as well as measuring if it is
cheaper to combine or merge hospital facilities (econ-
omies of scope) [15]. In a hospital study of Vietnam [16],
different scale eftects were found to vary depending on
whether the hospital was a district or central type. On the
basis of this, policy implications regarding reducing and
increasing relative hospital sizes to lower average costs
were drawn [16].

Given the paucity of cost data, an alternative approach to
determining costs is by using modelling methods to
estimate how average or marginal costs change. The
earliest cost-modelling study specific to HIV/AIDS [17]
used a pure model-base specification of average costs,
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based on factors such as the target population, and then
made assumptions about the relative size of average costs
between different types of programmes. Given the lack of
reference to existing data and cost structures, however,
this pure modelling approach may not be robust to
different settings and does not necessarily take into
account intervention-specific factors [5,18,19].

A hybrid data-modelling approach uses a combination of
data and knowledge about the project to consider the
costs of scaling up a project [20]. It might involve
establishing a point of minimum average cost and using
knowledge from the project and economic theory to
hypothesize about marginal costs. This approach requires
country or project-specific knowledge. The simplest
form of modelling is to use a linear projection,
multiplying an empirical average cost associated with a
programme with a factor reflecting activity at a larger
scale (e.g. if the unit cost per person is US$5 for
100 people, the increase in expanding the programme for

another 25 people is US$125).

Methods used to conduct literature review

A systematic review of all published cost and scale studies of
HIV/AIDS interventions was completed in the first
quarter of 2007. The review included all prevention
and treatment interventions (e.g. the treatment of sexually
transmitted infections; STI) but excluded tuberculosis
treatment costs. The following procedures were used in the
systematic review. First, a detailed search was conducted in
PubMed using the following search terms: ‘cost AND
HIV’; ‘economics AND HIV’. No date/time limitation
was specified. Using this strategy, 7045 articles were
identified. In addition, two reports and two articles in the
press were identified from contacts and the internet and
grey literature. As shown in Fig. 2, a system of exclusion
criteria was applied resulting in 34 publications from low
and middle-income countries. Descriptive information
about the type and setting of intervention, method of
estimating costs and the influence of scale were examined.
Only studies that contained data related to both cost and
scale were included. We classified the studies with the
conceptual framework based on our review of economic

7049 Articles or reports identified initially

375 Removal of non-english language articles

6682

d 5544  Removal of articles not related to low or middle-income
countries

1138

d 1086 Removal of articles not related to scale

18 Removal of articles without cost information

w a1
!FH

Fig. 2. Results of application of exclusion criteria.

methodologies, according to the timeframe and method of
cost analysis.

Results

Classification by framework of economic
methodologies

Thirty-four studies contained cost information related to
HIV/AIDS programming activities and scale and were
classified according to the conceptual framework (Table 1).
Almost 60% of the studies used modelling methods
(n=19), with another 11 studies containing empirical data
on scale and costs and four studies undertaking econo-
metric analysis. More than 80% adopted a short-run
perspective (n=28), with others allowing for changes in
fixed investments [17,24,33—36]. Only one study con-
sidered long-run changes [24]. Seven of the modelled
studies were cost-effectiveness analyses, in which costs
were modelled to correspond to different levels of
population coverage of interventions [17,26—28,33—-36].
Six studies undertook multi-country estimation of
resource requirements for scaling up interventions
[6—9,21,23-25], which were recently reviewed in two
survey papers [10,19], and four studies estimated the costs
of increasing coverage for particular strategies within an
individual country [22,29-31]. Many of the studies have
used constant average cost assumptions to model resource
requirements associated with scaling up [6—9,21-25].
Three studies allow for changes in average costs in the
short-run [29-38], and five allow for changes in the
medium and long-run [17,24,33-36].

The cost analysis for the Commission for Macroeconomics
and Health (CMH) used three scenarios, including the
costs of delivering services as well as required investments in
infrastructure and broader systems strengthening [24].
Scenario 2007A looked at the possible levels of delivery
with an emphasis on expanding the lower levels of the
district health system, e.g. health post and outreach services
within current capacity. Scenario 2007B estimated the
costs for rapidly scaling up priority programmes, assuming
substantial investments in existing health systems at all levels
of service delivery, but limited by the extent to which
these investments can take place over 5 years. Scenario
2015 estimated the costs of achieving the implementation
of priority programmes at increased levels of coverage, with
investmentin existing health systems, overa 13-year period
[24]. In 2015, infrastructure costs were estimated to be 17%
of HIV prevention, 63% of HIV/AIDS care and 25% of
antiretroviral treatment costs, assuming the expansion of
care-related infrastructure. Without any fixed investments,
the CMH study found that maximum achievable increases
in coverage would be constrained to 40% for HIV
prevention interventions outside the health sector, 20% for
health system-related HIV prevention interventions, 25%

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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for care interventions and less than 10% for antiretroviral
treatment [52].

Empirical evidence of scale effects for HIV/AIDS
interventions

Table 2 reviews the relatively recent studies that provide
actual empirical or econometric evidence related to cost
variation and scale. Four empirical studies were time
series in nature, tracking a particular programme through
two or more points in time [38,40—42]. The remaining
seven empirical studies were cross-sectional, looking at
different sites or locations for the same intervention. Nine
of the empirical studies explicitly commented on changes
in costs caused by scale effects.

Among VCT studies, both the empirical studies
[39,40,47] and the econometric analysis [48] suggest
that significant economies of scale were possible, finding a
27-73% reduction in average costs as output increased
23-fold. These results are attributable to the nature of
VCT delivery that is characterized by a relatively low
proportion of fixed costs (9-21%) [39,48], and so is
consistent with theoretical predictions (e.g. the cost
function is similar to Fig. 1b, panel I).

Studies of targeted prevention activities among sex
workers also demonstrated scale effects [43—45,47,51],
with 38-88% of cost variation attributed to scale
[43,44,47]. Unlike VCT, the extent of the scale effect
is not unambiguously clear for these interventions; two
studies suggest that significant economies of scale are
possible over large project sizes (n=6379) [43,47], but
two other analyses suggest that diseconomies of scale start
to occur at project sizes of 1500—2000, similar to Fig. 1a
[44,51]. Closer examination of these studies suggests that
these results may be explained by the underlying cost
estimates: the study with significant economies of scale
also found a relatively low proportion of fixed costs
(5.2—8.3%), in contrast to other studies that found much
higher levels of fixed costs (11—-40%).

Scale effects were also found among STI interventions
[37,41,46,47,50], with reductions in average costs docu-
mented as programme sizes increased to 13 000 visits [41]
or 1400 patients annually [50]. It is more difficult to
hypothesize about the general extent and shape of the cost
curves for STI interventions because of the lack of
econometric studies. The only econometric study used
data from a range of cost results from 53 studies in the
literature and found small-scale effects [50]. That analysis
was, however, limited by variation in data quality and
comparability. It is clear that scale effects for STI
interventions may exist over relatively large population
sizes [42,46], probably reflecting the higher proportion of
fixed costs (27—-40%) [41,42], and one study found
evidence of a U-shaped average cost curve [47]. There was
also some indication that prevention of mother-to-child

transmission programmes may also face a U-shaped curve

[47].

Econometric analysis, using modelled costs of scaling up
coverage by 25% in sub-Saharan Africa, suggested that
both prevention and treatment interventions would be
operating at points of scale inefficiency or diseconomies
of scale, assuming no changes to fixed inputs. As
expected, diseconomies of scale are much more acute
for treatment-related interventions [48].

Discussion

This review unambiguously indicates that the scale and
volume of activities are key drivers in determining costs,
consistent with standard economic theory [12]. What is
less clear is the actual shape of the average and marginal
cost curves, which will provide better information on the
optimal size of interventions that will fully exploit
economies of scale. It might also be the case that as
interventions are scaled up, the way the services are
delivered (e.g. the production function) might change, for
example, two studies pointed to reductions in time spent
with clients [43,49]. On the basis of the evidence from
Table 2, Fig. 3 shows the relative ranking of HIV/AIDS
interventions and likely economies (or diseconomies) of
scale effects. Interventions with a small proportion of
fixed costs such as VCT, or the capacity to increase to
high levels of coverage (information, education and
communication) are likely to demonstrate downward
sloping average costs for large scales of activity, so the
larger the programme the more optimal the size. On
the other side of the spectrum, interventions most
closely related to health facilities (STI, prevention of
mother-to-child transmission) are likely to face diseco-
nomies of scale and the U-shaped average cost suggesting
that there is an optimal size for the programme.
Econometric methods can help to identify these optimal
sizes.

Whereas this review found 15 relatively recent studies
yielding information on cost and scale, it is more surprising
that given the emphasis on scaling-up interventions since
2001, there is still little empirical cost data collected
alongside programming as it expands.

Given the dearth of information, and the importance of
this type of data in budgeting and financing consider-
ations, our key recommendation is to develop routine
cost-monitoring systems alongside interventions as
programming expands. An important aspect of cost
monitoring with respect to scale is documenting fixed
versus variable costs [19], using consistent definitions of
what is contained in fixed costs. Given possible changes in
how services may be delivered, it is also important to
document service delivery alongside measuring costs.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Scaling up costs Kumaranayake

VCT IEC Targeted PMTCT STI
prevention

Eventual diseconomies of
scale with increasing
average costs as scale
increases

Economies of scale —
average costs
decreasing with
increase in scale

Fig. 3. Scale and HIV/AIDS interventions. IEC, Information,
education and communication; PMTCT, prevention of
mother-to-child transmission; STI, sexually transmitted infec-
tion; VCT, voluntary counselling and testing.

Analyses should focus on monitoring costs through time
and across sites, rather than on cost analyses for single
years and one location. As data become more available, it
is also important to exploit econometric methods to
measure the extent of scale economies or inefficiencies,
which will assist in the planning and financing processes.

In the absence of hard data, modelling will continue to
remain a key method by which to assist financing and
budgeting. This review of costs, however, suggests that
linear projections that assume constant average and
marginal costs will result in both over and underestimates
of resource requirements for scaling up. The direction and
extent of bias depends on the level of coverage. In terms
of the marginal cost, a linear projection approach will
only lead to an underestimation of the ‘true’ cost at
relatively high levels of coverage. A linear unit-cost
projection will probably underestimate the average cost at
either very low or high levels of coverage.

At a national level, the cost relationships may mirror the
average cost/marginal cost analysis as shown in Fig. 4.
Output is measured in terms of the country population or
the proportion of people reached (expressed as a
percentage) and the maximum output occurs when
there is 100% coverage. Increasing coverage may increase
or decrease the average cost per person reached,
depending on the level of coverage. Without actual data,
it is not clear where exactly the maximum coverage
occurs in relation to the cost curves. It could occur at any
of the points A, B or C (Fig. 3a), suggesting that there
could be very different costs for different countries at
100% coverage. Points A, B and C reflect that scaling up is
completed as 100% of the population is covered. Second,
if it is assumed for illustrative purposes that all countries
have the same cost functions, then the average cost and
marginal costs of reaching 100% coverage could vary,
simply because of the differences in population size. The
average cost per person reached may thus be lower in
country B than in country C, even though both have full
national coverage. This implies that costs may need to
differ between small and large countries in modelling
resource requirements.

Another issue in scaling up coverage at the national level is
capacity and infrastructure. Within a project or activity, if

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Fig. 4. Cost implications for scaling up interventions.
(a) Marginal and average cost curves in the context of national
coverage; (b) possible relationship between costs, coverage
and capacity constraints. AC, Average cost; MC, marginal
cost.

the limits of the capacity to scale up are reached, then
additional fixed inputs are necessary (e.g. physical
buildings). Scaling up interventions to a national level
raises the question about the infrastructure constraints. It
may be impossible to increase coverage beyond a
particular level without substantial increases in infra-
structure, as shown in Fig. 4b. Therefore, in practice,
there may be a large jump or discontinuity in the average
cost curve over a particular range of coverage. Tools are
currently being developed to model non-linear cost
functions better for transportation and supervision costs,
as well as fixed costs for health centres [53], and planning
is underway to develop new resource requirements
modelling for HIV/AIDS interventions to achieve the
millennium development goals [54]. Tools and models
are, however, limited by the data they contain, and so
collecting cost data in relationship to scale must remain a

key priority.
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