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Motivation

• Organizations aim to improve the coordination of individuals’

interdependent decisions to achieve more desirable outcomes

(Gibbons and Roberts 2012)

• The di�culty for improving coordination is that information is

incomplete and dispersed among decision makers (Hayek 1945).

• Policy challenge: trade-o� between coordination and competition

• Coordinated choices through integrated networks of firms can create

weaker incentives to keep prices low.

• Competitive markets may keep prices low, but with the

well-documented drawbacks of fragmentation.

• Information integration:

• Can promote coordination without harming competition (in theory) if

implemented in an interoperable environment (Baicker and Levy

2013)

• Only little prior empirical evidence – large-scale implementation of

such systems has been difficult and costly.
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Research questions

• Can information integration a�ect decision making and improve

coordination between decision makers?

• Can information integration narrow regional di�erences in outcomes

resulting from coordination failures?
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This paper

• Study the e�ects of a nationwide and interoperable information

technology on coordination, regional di�erences, and underlying

mechanisms.

• Setting: health care

• Fragmented patient’s care delivery: multiple organizations and

physicians, and each physician has different knowledge of the

patient’s medical history (Arrow 1963; Cebul et al. 2008).

• Economic burden of coordination failures: $27.2 - $78.2 billion in the

U.S. (Shrank et al. 2019).

• Trade-off between coordination and competition exist (Baicker and

Levy 2013).

• Empirical strategy: the staggered introduction of a nationwide

electronic prescribing system in Finland.

• Replaced care providers’ incompatible information systems with a

fully integrated nationwide database.
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This paper

• Use administrative data on one of the most common and harmful

combinations of prescription drugs: blood thinners (warfarin) and

anti-in
ammatory drugs (NSAIDs) such as ibuprofen and aspirin.

• Warfarin: widely prescribed esp. for older patients to prevent serious

conditions such as strokes and heart attacks.

• The medical guidelines clearly caution against using warfarin with

NSAIDs because of the increased risk of major bleeding

complications.

• Yet, nearly 15 percent of warfarin patients had an interacting

prescription before the adoption of e-prescribing (2007–2009).

• Our data identify interacting prescriptions obtained from multiple

physicians over time, allowing us to provide direct evidence of the

potential implications of information integration on coordination.
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Related literature

• Policies to improve coordination

• Monetary incentives, organizational or management structures

(hospital-physician integration, ACOs, hospitalists, quality report

cards ) (Gaynor et al. 2004, Cebul et al. 2008)

→ Can create coordination competition trade-off (Baicker and Levy

2013)

• Information integration: empirical evidence is limited (Bloom et al.,

2014) particularly in the context of interoperable systems.

→ Setting of our paper.

• The e�ect of health information technology (McCullough et al 2010;

McCullough et al. 2016; Miller and Tucker 2011; Agha 2014; Böckerman

et al. 2019)

• Focus on health outcomes, not physicians’ treatment choices or

coordination. → Our focus: coordination.

• Most evidence is from the U.S with non-interoperable information

technologies. Non-interoperable technology can harm competition

(Baicker and Levy 2013). → The technology in our setting is

interoperable.
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Theory

• Fragmentation is a fundamental characteristic of decentralized

health care systems with a patient’s care divided between multiple

physicians and organizations (Cebul et al. 2008)

• A canonical model by Becker and Murphy (1992) to illustrate:

• How such division of labor affects the quality of care (prescribing)

• How information integration affects the trade-off in the division of

labor between the productivity gains and coordination costs

7



Theory of health care production and coordination costs

• Provision of quality of care conditional on the inputs used in

treatment process: the physical or human capital K and number of

treating physicians n

• Health care production function for patient i is

yi = Bi (K ;X ; n; �) � Ci (n;�); (1)

where yi is the quality output, Bi is the gross output or bene�t,

which depends on the inputs and patient characteristics X through

parameter �, which determines the marginal productivity of division

labor.
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Theory of health care production and coordination costs

• The source of ine�ciency arises from coordination costs Ci :

• Higher Ci implies lower quality of care is produced from the same

amount of inputs.

• Ci also depend on an exogenous parameter λ describing a physician’s

ability to acquire medical information from other physicians.

• Coordination costs increase with the cost of information acquisition

and sharing between physicians (@Ci

@� > 0), for example through

communication (Garicano 2000).

• Note, that cost of information acquisition and sharing between

physicians can occur even in the absence of other types of

coordination costs such as those related to free riding (Holmströn

1982) and incomplete contracting (Hart 2017).
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Theory of health care production and coordination costs

• Productivity gains from division of labor are captured by the positive

marginal product of the number of physicians (@Bi

@n > 0) and

determined by �.

• The division of labor can improve the output by reducing excess

workload, �lling sta�ng gaps with temporary workers, or allowing

providers to specialize into narrower set of tasks in the treatment of

complex comorbidities.

• However, as the number of treating physicians increases,

coordination costs also increase (@Ci

@n > 0).
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Theory of health care production and coordination costs

• Information integration can mitigate this trade-o� in the division of

labor by decreasing the coordination costs.

• Adoption of such systems is an exogenous shock to the information

acquisition parameter which decreases � to ~� (0 < ~� < �), ceteris

paribus.

• Consequently coordination costs decrease (Ci (n
�; ~�) < Ci (n

�;�),

where n� is the (pre-determined) quilibrium division of labor.

• Thus, we hypothesize that the quality output increases, especially

when the patient is treated by multiple physicians instead of only

one physician.
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Finnish health care system

• Decentralized single-payer health care system

• Primary care: organized by municipalities (N = 304 in 2014)

• Municipalities vary in their ability to organize services, substantial

differences in health care services between rural and urban regions

(THL 2019).

• To organize specialized health care, each municipality belongs to a

hospital district (N = 20), provision concentrated in cities.

• Private and employer-sponsored health care: approx. 10 percent of

health care costs in 2014 (THL 2019).

• Before information integration:

• Incompatible information systems within a region or even single

health care unit.

• Patient prescription history was not available in uniform and

electronic format accessible or transferable to different primary care

units.

12



Large-scale policy of health information integration

         Year−qtr    N    Cum. population−%

2010 Q2   1      0.03

2011 Q2   10    0.06

2011 Q3   1      0.06

2011 Q4   23    0.12

2012 Q1   50    0.25

2012 Q2   50    0.45

2012 Q3   7      0.47

2012 Q4   61    0.80

2013 Q1   101  1.00

Figure 1: The staggered adoption of a nationwide electronic prescribing system
(in primary care) across all municipalities in Finland. Correlation table
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Health information integration: A physician’s view

Figure 2: In comparison to incompatible information systems, e-prescribing
systems provide more comprehensive information on prescriptions across
multiple physicians and organizations involved in a patient’s care.
Interoperable system and designed to improve the quality of prescribing
and coordination.
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