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Given constrained healthcare budgets and many competing demands, public
health decision-making requires comparing the expected cost and health
outcomes of alternative strategies and associated adoption and financing
actions. Opportunity cost (comparing outcomes from the best alternative
use of budgets or actions in decision making) and more recently net benefit
criteria (relative valuing of effects at a threshold value less costs) have been
key concepts and metrics applied toward making such decisions. In an ideal
world, opportunity cost and net benefit criteria should be mutually supportive
and consistent. However, that requires a threshold value to align net benefit
with opportunity cost assessment. This perspective piece shows that using the
health shadow price as the ICER threshold aligns net benefit and opportunity
cost criteria for joint adoption and financing actions that arise when reimbursing
any new strategy or technology under a constrained budget. For an investment
strategy with ICER at the health shadow price Bc =1/(1/n + 1/d-1/m), net benefit
of reimbursing (adopting and financing) that strategy given an incremental cost-
effectiveness ration (ICER) of actual displacement, d, in financing, is shown to
be equivalent to that of the best alternative actions, the most cost-effective
expansion of existing programs (ICER = n) funded by the contraction of the least
cost-effective programs (ICER =m). Net benefit is correspondingly positive or
negative if it is below or above this threshold. Implications are discussed for
creating pathways to optimal public health decision-making with appropriate
incentives for efficient displacement as well as for adoption actions and related
research.

KEYWORDS

opportunity cost, net benefit, threshold value, health shadow price, budget
constrained optimization, allocative efficiency, displacement efficiency

1 Introduction

Optimizing health outcomes from a constrained public health system budget requires
decisions about which programs and strategies to support through reimbursement when
investing in or allocating budgets and resources. Opportunity cost and net benefit criteria have
been key concepts and metrics applied to inform budget-constrained optimal health system
decision-making. This review paper introduces opportunity cost (section 2) and net benefit
criteria (section 3) and shows how they are aligned using the health shadow price (section 4)
as a threshold value for net benefit (section 5). This finding and its implications are discussed
in section 6 in relation to creating pathways for optimal resource allocation and investment
decisions with joint adoption and financing actions, but also to incentivize research in
identifying the best expansion and contraction of programs with constrained budgets.
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2 Opportunity cost

Health systems with constrained budgets or resources and
unconstrained population health need to make allocative decisions
across alternative strategies. Given constrained resources and funding,
the opportunity cost of any resource use or reimbursement/investment
decision and associated action/s (adoption and financing with
reimbursement), is the forgone value of outcomes from the best
alternative use or choice and associated set of actions (1-5).

As aresult, all constrained healthcare system funding or resource
allocation processes face opportunity costs with each reimbursement
or investment decision. That is, the value of the best alternative
investment or reimbursement choice with adoption and necessary
associated financing actions under a constrained budget.

3 Net benefit criteria

The net benefit is a metric that combines the joint consideration
of effects and costs (resource use and their prices) to compare the
relative value less cost of strategies, decisions, or action/s (6-9). For
the simplest case of two strategy comparisons, the incremental
net benefit (INB) of a strategy relative to a comparator is:

INB = AAE-AC (1)

Where A is the threshold value for effects and AE and AC are
incremental effects and costs. Positive INB implies invest, while 0 or
negative INB implies don’t invest. Net benefit metrics have a series of
advantages over incremental cost-effectiveness ratios (ICERs) (9-17).
These include being well ordered when the effect is 0 or changes sign
around 0, having an opposite sign consistent with the implications
when a strategy is dominated or dominates, and reflecting the degree
of any such dominance (9). In addition, additive separability of net
benefit (although not ICERs) (10) implies that multiple strategies or
multiple domains can be consistently compared relative to any
comparator based on maximizing net benefit (NB=AE—C) or
equivalently minimizing net loss (NL=ADU + C) under the net benefit
correspondence theorem (11-17). DU in the net loss metric simply
represents any effect/s (E) in net benefit framed from a disutility
perspective (e.g., mortality vs. survival, morbidity vs. no morbidity,
QALYs lost vs. QALY gained, etc.).

4 The health shadow price

Given a fixed or constrained budget, the health shadow price
represents the critical or threshold value at which the health outcome
from any reimbursement decision (adoption and financing action)
equates with the best alternative adoption and financing actions (4, 5).
The best alternative adoption and financing actions are to implement
the most cost-effective expansion of existing programs (ICER=n, e.g.,
$5,000/QALY) funded by reducing the least cost-effective programs
(ICER=m, e.g., $ 1 million/QALY).

Thus, with a constrained budget, for any given investment I with
actual displacement (ICER =4, e.g., $20,000/QALY) the health shadow
price (Bc) for any given strategy is found by setting the net health
return from reimbursing (adopting and financing) that strategy for
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any given investment amount 7, I / Bc — 1/ d, as equal to that from
the best alternative joint adoption and financing actions I / n—1/ m.
Consequently, solving

Y R S &
B. d
results in:
11,11
B. n d m
or
-1
1 1 1
B.=| —+——— (2)
¢ (n d mj

The subscript ¢ denotes that the health shadow price
(Equation 2), like opportunity cost, corresponds to the economic
context of the best alternative actions within a constrained budget
(4, 5,18, 19). Explicitly the context for making budget constrained
reimbursement (joint adoption and financing) decisions. That is
the context of actual displacement (ICER= d), and best alternative
expansion (ICER= n) and contraction (ICER= m) actions.

For example, if n=$5,000/QALY, d=$20,000/QALY, and
m=2%$1,000,000/QALY, then

1
Be= 1 1 1 B

+ —
5000 20000 1000000
1

0.0002 + 0.00005 — 0.0000001 _

400160/ 04LY
0.0002499

5 Incremental net benefit consistent
with opportunity cost

If we conduct an incremental net benefit assessment of an
investment or reimbursement amount 7 relative to the best alternative
investment or reimbursement of 7 (adoption and financing actions)
using the health shadow price as a threshold value then from
Equation 1 and Equation 2 we have:

INB = BcAE - AC

Now for cases of interest where AE and AC are both positive, i.e.,
in the NE quadrant, then INB using the health shadow price as a
threshold value is only positive where B,LAE—AC>0 and hence AC/
AE< B, or negative where B.AE—AC<0 and hence AC/
AE> B,. QED.

Hence, using the health shadow price, B, as the threshold value for
effects aligns INB with the same decisions as comparing the investment
ICER with the health shadow price—which is derived from and
represents the opportunity cost of budget-constrained investments.
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6 Discussion: implications for optimal
research, resource allocation, and
Investment

In sections 2-5 we have shown that using the health shadow price
as the critical threshold value for incremental net benefit appropriately
results in equivalent net benefit between:

(1) Any new budget constrained investment (I) in a strategy with
ICER equal to the health shadow price funded by displacement
(ICER = d) and;

(2) The best alternative health system adoption and financing
actions for the same budget constrained investment I.

Furthermore, if the strategy has a lower or higher ICER than this,
then its INB is appropriately correspondingly positive or negative.

Importantly this means that for any investment with a constrained
budget using the health shadow price as the net benefit threshold
value enables net benefit to represent the same rule as opportunity cost.

If the budget was not constrained then investment would only
have an adoption action, for which the best alternative action is the
most cost-effective expansion of existing programs (ICER =n), which
would be the appropriate threshold value. Indeed, this is also the
appropriate threshold value for the health shadow price if displacement
is efficient (d=m), which is then given by:

In response to experiences in the United Kingdom during the
1990 and 2000s where many services were displaced by the mandated
use of medications such as Herceptin (20) different ICER thresholds
for displaced services were proposed as a threshold value for INB
assessment (21-27). Four different displaced service thresholds
were proposed:

i The least cost-effective current program, assuming that this is
the program that is actually displaced to finance the additional
costs of the new technology (22).

ii The least cost-effective program, regardless of whether or not
it is displaced (23).

iii The ICER of the services actually displaced to finance that
technology regardless of the ICER of that displaced service
relative to other services (24-26).

iv The average ICER of historically displaced NHS services
(1,27).

Strictly speaking, these four definitions would only coincide if
displacement had been and remained currently efficient (d=m).
Nevertheless, the health shadow price makes clear the proposed use
of d or any displaced service as a threshold in all its guises (18, 19):

i Conflates adoption and financing actions—equates the
threshold value in expansion with that in contraction (25).

ii Arises only at a singular point where there is perfect allocative
efficiency, but does not provide a pathway to get there.
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iii Most importantly, it denies the true opportunity cost of
reimbursing (adopting and funding) new technologies—the
most cost-effective expansion of existing health system
interventions funded by displacement of the least cost-
effective interventions.

Sendi et al. (21) advocated the average ICER of displaced
services as a second-best alternative threshold value to the
shadow price of the budget constraint reflecting the shadow price
per unit of effectiveness in the absence of a market. They
emphasized that this, like the shadow price, is a function of
program size (5, p.82). Later, theoretical arguments or assertions
were made for displaced service-related ICERs representing the
shadow price of the budget constraint (22-27), explicitly stated
in Griffin et al. (25, p.24) as the ICER of actual displaced services,
d, with a two-part argument:

-

“Identifying marginal programs that would be displaced and
quantifying their cost and health outcomes determines the
shadow price of the budget constraint” [SIC].

“The incremental cost per QALY gained of new treatments are
commonly compared to some stated threshold A, which should
in principle represent the inverse of the shadow price of the
budget constraint” [SIC].

These two parts were combined to argue that any new treatment
should be reimbursed if the incremental health offered by the new
treatment option exceeds the health foregone with the displacement
of marginal programs (25, p.24).

However, in the context of market failure and allocative
inefficiency characteristic of the health care system, displaced service
definitions in general, and this two-part argument in particular,
conflate shadow price in expansion (maximum unit of effect gained
as a result of relaxing a constraint by one unit at the margin) (28),
with notions of shadow price in contraction (minimum loss when
one unit of a continuous resource is withdrawn) (29). Combined, the
two parts misrepresent opportunity cost as the actual loss of
displacement when the budget is reduced, rather than the highest
value alternative (18). Displaced services do not represent
opportunity cost, the highest value alternative. If Griffin et al. (25)
had appropriately added “in expansion” in part (ii) to represent
opportunity cost, it would be clear that this is different from any
notion of the shadow price of the budget constraint “in contraction”
in part (ii). The only situation in which shadow prices in expansion
and contraction can coincide is at the single point of complete
allocative efficiency (n=m) and indeed of displacement efficiency
(d=m) and hence n=m=d=B,.

Empirically, no health system internationally can claim to beat
the point of allocative efficiency. Consider the case of the United
Kingdom which was ranked in 2014 by the Commonwealth Fund
(30) as having the most efficient health system of high income OECD
countries. Despite this international standing, the 2013 evidence
from Claxton et al. (27) of the ICER for best expansion (n=2,000
pounds per QALY), contraction (m=2.73 million pounds per QALY)
and displacement (d= 12,713 pounds per QALY) indicated substantial
allocative and displacement inefficiency in practice with n<d<<m
(19, 31). This resulted in a health shadow price [following
Equation (2)] with 2013 United Kingdom evidence (27) of:
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1
Be= 1 1 1 B

+ —
2000 12713 2730000
1

0.0005 + 0.0000787 — 0.000000366 _

L =1,729 pounds / QALY
0.0005783

Pekarsky (5, p.69-83) shows that in the context of such economic
inefficiency and market failure for an input, deriving the health
shadow price from existing information about the economic context
than from cost benefit analysis following McKean (32) and Mishah
and Quah (3). That is, the health shadow price (4, 5) as derived in
section 4 above, takes into account observed allocative (n < m) and
displacement (d<m) inefficiencies, rather than any notion of the
shadow price of the budget constraint that assumes perfect
economic efficiency.

An underlying inappropriate assumption for health care of
complete allocative efficiency in the context of market failure can be
traced back to the suggested use of shadow price of the budget
constraint as a critical ratio for the threshold value by Weinstein and
Zeckerhaus (33). They implicitly assumed complete allocative
efficiency (and discrete programs) by suggesting a critical ratio of
the cost per effect of the last service financed if all services are
ranked and allocated up to the budget—the average shadow price.

As Pekarsky (5, p. 83) surmises: “..health economic focus on the
shadow price of the budget constraint...can lead to the following catch
22: we cannot find this shadow price until economic efficiency is
achieved, and we cannot achieve economic efficiency until this price
is found” [SIC]. Importantly, the health shadow price (4, 5) creates the
appropriate incentives for evidence on the best expansion and
contraction of current programs to enable it (18, 19). This meets the
imperative to “find a shadow price for health effects that will improve
economic efficiency rather than being conditional on economic
efficiency” [SIC] (5, p. 83). The only point where the health shadow
price (4, 5) coincides with the ICER for actual displaced services, d, is
at the point of complete allocative (and displacement) efficiency; and
because n=m=d=B, only at that singular point. However, using d as a
threshold value does not provide a pathway to get there, whereas the
health shadow price does (18, 19). That is, the coincidence of the
shadow price in expansion and contraction at the single point of
allocative efficiency does not provide a pathway to get there from any
point of allocative inefficiency. Certainly not when using a displaced
service ICER threshold such as d, which is only equal to the health
shadow price at the single point of complete allocative efficiency.
Moreover, considered dynamically over time with allocative
inefficiency (n <m) if displacement were efficient (d=m) then new
technologies or strategies priced up to a threshold value of d would
be next in line to be displaced and would face additional reversal costs
not accounted for in ICER calculations as the new technology cycles
through. Hence, as highlighted in Eckermann and Pekarsky (18) use
of d as a threshold with appropriate consideration of reversal costs can
easily lead to health outcomes from constrained budgets declining
over time, particularly if displacement is efficient.

Now, let us consider if comparison of the reimbursement of an
investment were not with the best alternative action/s to reflect
opportunity costs, but rather with the second best objective of
improving the (short term) net benefit from combined adoption and
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displacement decisions. Then, with a fixed budget the ICER from
adopting new programs could be considered relative to that of actual
displaced services (21). However, to the extent that displacement is
efficient (d approaches m rather than n) this creates a straw man for
comparing adoption (even without a budget constraint), let alone if
joint adoption and financing actions are appropriately considered
together with the health shadow price (18).

The alignment of net benefit with opportunity cost for budget-
constrained investment or reimbursement (adoption and financing
actions) that arises with the use of the health shadow price (B¢) as the
ICER threshold value does not occur with d (the ICER of displaced
services). That is clear noting that generally B, < n < d < m. They only
coincide at the single point of complete allocative and displacement
efficiency, which no health system internationally satisfies, with
n=m=d=B, at this point alone.

This implies that using a threshold value of d for net benefit
assessment biases against better use of existing programs or
technologies and in favor of pricing new technologies above
opportunity cost, given the best alternative reimbursement actions
(adoption and financing) that the health shadow price represents.

More generally, in the absence of appropriate incentives created
by the health shadow price research decisions are also biased toward
evidence for new technologies. On the other hand, there are
disincentives for evidence or indeed lack of evidence for unpatented
or unpatentable strategies (4, 5, 18, 19). In particular, this would bias
against public health strategies such as those for health promotion
across the life course (34). Those strategies include community
programs that support integrated movement from early childhood
to youth, adulthood and older adulthood (35-39); successful ageing
(40-44) or rehabilitation and palliative care services (16, 19, 45). The
same types of services that were displaced to accommodate
mandated Herceptin use in the United Kingdom highlighted in the
2000s (20).

It could be argued that pharmaceutical and device manufacturing
companies are only responsible for adoption and should not
be penalized for inefficient displacement (d < m). However, the reality
of a constrained budget is that adoption and financing actions (and
associated research) for any reimbursement (investment) decision
naturally need to occur together. More generally optimal cycles of
joint research, reimbursement and regulatory decision making are
required to optimize budget-constrained health system outcomes in
any jurisdiction and globally (16, 46). Where research funding is
biased in favor of new technologies and against unpatentable
technologies or programs (e.g., community programs without vested
interests), a pathway to optimization requires public policy incentives
for research evidence and better use of existing programs and
technologies in adoption and displacement (4, 5, 18, 19). Ideally,
processes supporting optimal cycles of research, reimbursement and
regulatory decision making (16) that systematically reflect and create
an imperative for that pathway.

Consequently use the health shadow price as a threshold value
for net benefit assessment is key to creating appropriate incentives
for research evidence to support displacement or contraction
and for appropriate adoption or expansion actions (4, 5, 18, 19).
The use of the health shadow price makes it clear that there are
joint adoption and financing actions and associated research
requirements for any reimbursement/investment decision with
constrained budgets.
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7 Conclusion

This paper has shown that incremental net benefit aligns with
opportunity cost when the health shadow price (section 4) is used as
the threshold value. At this threshold value, section 5 showed that the
incremental net benefit criteria (section 3) of an investment are
positive (negative) only if the health outcomes from that investment
are greater (less) than the best alternative adoption and financing
actions (opportunity cost section 2). Hence, using the health shadow
price as the threshold value for the incremental net benefit assessment
in any jurisdiction makes the same reimbursement decision as
opportunity cost (section 5). As the discussion in section 6 highlighted,
these findings also allow for optimization in resource allocation and
investment decisions and appropriate incentives for research in
addition to optimal adoption and financing actions.

Data availability statement
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References

1. Mishan E. Cost-Benefit Analysis: An Informal Introduction. London: Allen and
Unwin (1971).

2. Birch S, Gafni A. Cost effectiveness/utility analyses: do current decision rules lead
us to where we want to be? ] Health Econ. (1992) 11:279-96. doi:
10.1016/0167-6296(92)90004-K

3. Mishan E, Quah E. Cost Benefit Analysis. 5th ed. Abingdon: Routlidge (2007).

4. Pekarsky B (2012). Trusts, constraints and the counterfactual: Reframing the
political economy of new drugs. PhD Thesis. University of Adelaide.

5. Pekarsky BAK. The New Drug Reimbursement Game: A Regulator’s Guide to Playing
Ad Wining. London: Springer (2015).

6. Graham DA. Cost-benefit analysis under uncertainty. Am Econ Rev. (1981)
1981:715-25.

7. Graham DA. Public expenditure under uncertainty: the net-benefit criteria. Am
Econ Rev. (1992) 1992:822-46.

8. Stinnett AA, Mullahy J. Net health benefits: a framework for analysis of uncertainty
in cost-effectiveness analysis. Med Dec Making. (1998) 17:483-9.

9. Willan A, Briggs A. The Statistical Analysis of Cost-effectiveness Data. Chichester:
Wiley and Sons (2006).

10. Stinnett AA, Paltiel AD. Estimating CE ratios under second-order uncertainty—
the mean ratio vs the ratio of means. Med Decis Mak. (1997) 17:483-9. doi:
10.1177/0272989X9701700414

11.Eckermann S. (2004). “Hospital performance including quality: creating
incentives consistent with evidence-based medicine” PhD Dissertation. UNSW,
Sydney. Available at: http://unsworks.unsw.edu.au/vital/access/manager/Repository/
unsworks:716

12. Eckermann S, Briggs A, Willan A. Health technology assessment in the cost-
disutility plane. Med Decis Mak. (2008) 28:172-81. doi: 10.1177/0272989X07312474

13. Eckermann S, Willan A. 2011. Presenting evidence and summary measures to best
inform societal decisions when comparing multiple strategies. PharmacoEconomics.
(2011) 29:563-77. doi: 10.2165/11587100-000000000-00000

14. Eckermann S, Coelli T. Including quality attributes in efficiency measures
consistent with net benefit: creating incentives for evidence-based medicine in practice.
Soc Sci Med. (2013) 76:159-68. doi: 10.1016/j.socscimed.2012.10.020

15. McCaffrey N, Agar M, Harlum J, Karnon J, Currow D, Eckermann S. Better
informing decision making with multiple outcomes cost-effectiveness analysis under
uncertainty in cost-disutility space. PLoS One. (2015, 2015) 10:e0115544. doi: 10.1371/
journal.pone.0115544

16. Eckermann S. Health Economics from Theory to Practice: Optimally Informing Joint
Decisions of Research, Reimbursement and Regulation with Health System Budget
Constraints and Community Objectives. London: Springer (2017).

Frontiers in Public Health

10.3389/fpubh.2024.1212439

Author contributions

SE conceived and designed the paper and is accountable for all
aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated
and resolved.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

17. Eckermann S, McCaffrey N, Tonmukayakul U, Swann C, Vella S. Multiple effects
health economic evaluation of the ahead of the game study for mental health promotion in
sporting club communities. Heal Econ Rev. (2021) 11:28. doi: 10.1186/s13561-021-00323-1

18. Eckermann S, Pekarsky B. Can the real opportunity cost stand up: displaced
services the straw man outside the room. PharmacoEconomics. (2014). 32:319-25. doi:
10.1007/s40273-014-0140-3

19. Eckermann S. The health shadow Price and economically meaningful threshold
values. Chapter 11. In: E Simon, editor. Health Economics from Theory to Practice:
Optimally Informing Joint Decisions of Research, Reimbursement and Regulation with Health
System Budget Constraints and Community Objectives. Cham, Switzerland: Springer (2017)

20. Barrett A, Riques T, Small M, Smith R. How much will Herceptin really cost? Br
Med J. (2006) 333:1118-20. doi: 10.1136/bmj.39008.624051.BE

21.Sendi P, Gafni A, Birch S. Opportunity costs and uncertainty in the economic
evaluation of health care interventions. Health Econ. (2002) 11:23-31. doi: 10.1002/
hec.641

22. Culyer AJ, McCabe C, Briggs A, Claxton K, Buxton M, Akehurst R, et al. Searching
for a threshold not setting one: the role of the national institute for health and clinical
excellence. ] Health Ser Res Policy. (2007) 12:56-8. doi: 10.1258/135581907779497567

23. McCabe C, Claxton K, Culyer AJ. The NICE cost-effectiveness threshold: what it
is and what that means. PharmacoEconomics. (2008) 26:733-44. doi:
10.2165/00019053-200826090-00004

24. Claxton K, Buxton M, Culyer A, Walker S, Sculpher M. Value based pricing for
NHS drugs: an opportunity not to be missed? BM]J. (2008) 336:251-4. doi: 10.1136/
bm;j.39434.500185.25

25. Griffin S, Claxton K, Sculpher M. Decision analysis for resource allocation in
health care. ] Health Ser Res Policy. (2008) 13:23-30. doi: 10.1258/jhsrp.2008.008017

26.Sculpher M, Claxton K. Real economics needs to reflect real decisions.
PharmacoEconomics. (2012) 30:133-6. doi: 10.2165/11596660-000000000-00000

27. Claxton K, Martin S, Soares M, Rice N, Spackman E, Hinde S, et al. (2013).
Methods for the estimation of the NICE cost effectiveness threshold final report working
paper 82 Centre for Health Economics, University of York.

28. Mas-Colell A, Whinston M, Green J. Macroeconomic Theory. New York: Oxford
University Press (1995).

29. Takayama A. Analytic Methods in Economics. Michigan: Harvester Wheatsheaf.
Hemel (1994).

30. Davis K, Stremikis K, Squires D, Schoen C (2014). Mirror, Mirror on the wall, 2014
update: how the U.S. health care system compares internationally. Commonwealth Fund
pub no. 1755, 2014.

31. Eckermann S. Kinky thresholds revisited: opportunity costs differ in the NE and
SW quadrants. Appl Health Econ Health Policy. (2015) 13:7-13. doi: 10.1007/
540258-014-0136-3

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1212439
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/0167-6296(92)90004-K
https://doi.org/10.1177/0272989X9701700414
http://unsworks.unsw.edu.au/vital/access/manager/Repository/unsworks:716
http://unsworks.unsw.edu.au/vital/access/manager/Repository/unsworks:716
https://doi.org/10.1177/0272989X07312474
https://doi.org/10.2165/11587100-000000000-00000
https://doi.org/10.1016/j.socscimed.2012.10.020
https://doi.org/10.1371/journal.pone.0115544
https://doi.org/10.1371/journal.pone.0115544
https://doi.org/10.1186/s13561-021-00323-1
https://doi.org/10.1007/s40273-014-0140-3
https://doi.org/10.1136/bmj.39008.624051.BE
https://doi.org/10.1002/hec.641
https://doi.org/10.1002/hec.641
https://doi.org/10.1258/135581907779497567
https://doi.org/10.2165/00019053-200826090-00004
https://doi.org/10.1136/bmj.39434.500185.25
https://doi.org/10.1136/bmj.39434.500185.25
https://doi.org/10.1258/jhsrp.2008.008017
https://doi.org/10.2165/11596660-000000000-00000
https://doi.org/10.1007/s40258-014-0136-3
https://doi.org/10.1007/s40258-014-0136-3

Eckermann

32. McKean RN. (1972). The use of shadow prices in Cost Benefit Analysis. (ed.) Layard
R (Hammonsworth: Penguin) 119-139.

33. Weinstein M, Zeckerhauser R. Critical ratios and efficient allocation. ] Public Econ.
(1973) 2:147-57. doi: 10.1016/0047-2727(73)90002-9

34. World Health Organisation (2017). Best buys and other recommended
interventions for the prevention and control of noncommunicable diseases updated
(2017), appendix 3 of the global action plan.

35. Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T, Duggan M, et al.
Canadian 24-hour movement guidelines for children and youth: an integration of
physical activity, sedentary, and sleep. Appl Physiol Nutr Metab. (2016) 41:5311-27. doi:
10.1139/apnm-2016-0151

36.Okely A, Ghersi D, Hesketh KD, Santos R, Loughran SP, Cliff DP, et al. A
collaborative approach to adopting/adapting guidelines. The Australian 24-hour
movement guidelines for the early years: an integration of physical activity,
sedentary behaviour, and sleep. BMC Public Health. (2017) 17:869. doi: 10.1186/
512889-017-4867-6

37.Ross R, Chaput JP, Giangregorio LM, Janssen I, Saunders T], Kho ME, et al.
Canadian 24-hour movement guidelines for adults aged 18-64 years and adults aged 65
years or older: an integration of physical activity, sedentary behaviour, and sleep. Appl
Physiol Nutr Metab. (2020) 45:557-S102. doi: 10.1139/apnm-2020-0467

38.World Health Organisation. Guidelines on Physical Activity, Sedentary
Behaviour and Sleep for Children Under 5 Years of Age. Geneva: World Health
Organization (2019).

39. Eckermann S, Willan AR, Okely A, Tremblay MS, Coelli T. Robust cross-country
comparison of children meeting 24-hr movement guidelines: an odds solution for binary

Frontiers in Public Health

06

10.3389/fpubh.2024.1212439

effect efficiency measures. J Public Health. (2021) 30:2059-68. doi: 10.1007/
$10389-021-01587-x

40. World Health Organization (2002). Active ageing: A policy framework. WHO/
NMH/NPH/02.8 Geneva. Available at: https://www.who.int/ageing/publications/active_
ageing/en/

41. World Health Organisation. Global age-friendly cities, a guide. Geneva: World
Health Organization. (2007).

42. Kalache A. The Longevity Revolution: Creating a society for all ages. Adelaide
Thinker in Residence 2012-2013. Adelaide: Government of South Australia (2013).

43. World Health Organization (2015). World report on ageing and health. Geneva:
WHO. Available at: http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811 _
eng.pdf (Accessed December 2019).

44. Eckermann S. Policy implications and applications across health and aged care
reform with baby boomer ageing—from age and dementia friendly communities to
palliative care. Chapter 12. In: E Simon, editor. Health Economics From Theory to
Practice: Optimally Informing Joint Decisions of Research, Reimbursement and Regulation
with Health System Budget Constraints and Community Objectives. London: Springer
(2017). 279-320.

45. McCaffrey N, Eckermann S. Raise the Bar, not the threshold value: meeting patient
preferences for palliative and end-of-life care. Pharm Econ Open. (2018) 2:93-5. doi:
10.1007/s41669-017-0039-y

46. Eckermann S. Globally optimal trial design and risk sharing arrangements are key
to avoiding opportunity costs of delay and enabling equitable, feasible and effective
global vaccine research and implementation in current or future pandemics. Front Public
Health. (2022) 10:1085319. doi: 10.3389/fpubh.2022.1085319

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1212439
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/0047-2727(73)90002-9
https://doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1186/s12889-017-4867-6
https://doi.org/10.1186/s12889-017-4867-6
https://doi.org/10.1139/apnm-2020-0467
https://doi.org/10.1007/s10389-021-01587-x
https://doi.org/10.1007/s10389-021-01587-x
https://www.who.int/ageing/publications/active_ageing/en/
https://www.who.int/ageing/publications/active_ageing/en/
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811_eng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811_eng.pdf
https://doi.org/10.1007/s41669-017-0039-y
https://doi.org/10.3389/fpubh.2022.1085319

	Aligning opportunity cost and net benefit criteria: the health shadow price
	1 Introduction
	2 Opportunity cost
	3 Net benefit criteria
	4 The health shadow price
	5 Incremental net benefit consistent with opportunity cost
	6 Discussion: implications for optimal research, resource allocation, and investment
	7 Conclusion
	Data availability statement
	Author contributions

	References

