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Summary and Keywords

Major medical innovations have greatly increased the efficacy of treatments, improved
patient outcomes, and often reduced the cost of medical care. However, innovations do
not diffuse uniformly across and within health systems. Due to the high complexity of
medical treatment decisions, variations in clinical practice are inherent to healthcare
delivery, regardless of technological advances, new ways of working, funding, and burden
of disease. In this chapter we conduct a narrative literature review to identify and discuss
peer-reviewed articles presenting a theoretical framework or empirical evidence of the
factors associated with the adoption of innovation and clinical practice.

We find that variation in innovation adoption and medical practice is associated with
multiple factors. First, patients’ characteristics, including medical needs and genetic
factors, can crucially affect clinical outcomes and the efficacy of treatments. Moreover,
differences in patients’ preferences can be an important source of variation. Medical
treatments may need to take such patient characteristics into account if they are to
deliver optimal outcomes, and consequently, resulting practice variations should be
considered warranted and in the best interests of patients. However, socioeconomic or
demographic characteristics, such as ethnicity, income, or gender are often not
considered legitimate grounds for differential treatment. Second, physician
characteristics—such as socioeconomic profile, training, and work-related characteristics
—are equally an influential component of practice variation. In particular, so-called
“practice style” and physicians’ attitudes toward risk and innovation adoption are
considered a major source of practice variation, but have proven difficult to investigate
empirically. Lastly, features of healthcare systems—notably, public coverage of healthcare
expenditure, cost-based reimbursement of providers, and service-delivery organization,
are generally associated with higher utilization rates and adoption of innovation.

Research shows some successful strategies aimed at reducing variation in medical
decision-making, such as the use of decision aids, data feedback, benchmarking, clinical
practice guidelines, blinded report cards, and pay for performance. But despite these
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advances, there is uneven diffusion of new technologies and procedures, with potentially
severe adverse efficiency and equity implications.

Keywords: Innovation adoption, innovation diffusion, clinical practice variation, inequalities, medical decision-
making, best practice, health economics

Background

Medical knowledge is the body of information about diseases, mechanisms and
pathogenesis, therapies and interactions, and interpretation of lab tests, and allows us to
make evidence-based decisions about optimal treatment paths for patients and for public-
health policies more broadly. Over the past decades medical knowledge has progressed
rapidly, and major innovations have increased clinical efficacy of diagnosis and
treatments for many conditions, leading to greatly improved patient outcomes.
Innovations such as magnetic resonance imaging and the artificial heart were step
changes in the way healthcare is delivered. Some innovations—such as laser surgery or
Health IT—may also lower cost of treatments, leading to substantial efficiency gains in
service provision, and freeing up resources to improve care for other patients. But
innovations are of no use if they are not implemented in day-to-day clinical practice.
Unfortunately, there are persistent and ubiquitous differences in adherence to the
medical guidelines designed to promote innovations and, in turn, in the care delivered to
patients with similar medical conditions and healthcare needs.

Treatment may depart from the recommended guidelines because of the specificity of
health conditions or preferences of the patient. In this case, variation in the adoption of
innovation may be desirable and justified. Yet, often differences in clinical decisions are
due to factors that are not related to the patient’s health status or preferences and can
have a negative impact on health outcomes as well as on equity and efficiency of health
systems. These differences are commonly known as “unwarranted variation” (Wennberg,
2002). While variation in the early stages of a new treatment can often be explained by
information diffusion, persistent variation can mean that other factors are at play. Such
factors associated with unwarranted variation in the adoption of innovation may relate to
the patients (e.g., ability to access innovation), doctors (e.g., differences in school of
thought), and providers (e.g., availability of clinical equipment), but also the way in which
service provision is organized and reimbursed.

In this chapter we sought to review the literature on the determinants of adoption of
innovation and the factors associated with “unwarranted variation” in adoption behavior
and clinical practice. Variations in the speed of innovation adoption and in clinical
practice are closely related for a diversity of reasons. First, differences in innovation
adoption can lead to practice variation, i.e., providers from different schools of thought
adopt different treatments for the same patients because they are more or less
enthusiastic about the adoption of specific innovations. Second, some of the determinants
of practice variation (e.g., training) can also affect the adoption of innovation. Third, the
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diffusion process for innovations is rather long. Evidence suggests that it can take up to
45 years on average for countries to fully adopt technology after it has been first invented
(Comin & Hobijn, 2010). Therefore, the assessment of the determinants of the adoption
and diffusion of innovation will inevitably require looking at practices long after they are
first adopted, and therefore these practices may be seen as innovations by some and
common practice by others.

This review covers the factors associated with variations in both innovation and clinical
practice across different medical specialties. With respect to innovation, there is research
on both organizational and clinical innovation. We examine the latter but not the former.
In general, much of the literature in this field is descriptive or qualitative, focusing on
describing factors that are associated with innovation adoption or practice variation. We
found that the majority of the literature focuses on factors that affect clinical practice and
how it differs across clinicians (clinical-practice variation) without making a distinction as
to whether that practice refers to old or innovative treatments. The empirical methods
used by the reviewed studies vary, but a common approach is to use small area level data.
The methodology assumes that small units of analysis are homogeneous with respect to
factors which influence healthcare utilization, and that thus any observed differences
should be attributed to variations in practice style between clinicians. While this
assumption is convenient when data are limited, it raises concerns with regard to the
measurement of practice variation as well as the assessment of its determinants. Many
studies tend to use aggregated data across physicians and therefore are not able
distinguish demand-side from supply-side factors that affect variation (Stano, 1985;
Folland & Stano, 1990; Grytten & Sgrensen, 2003). Many area-level studies do not control
for patient sorting, nor physician selection of healthcare providers, learning, or social
interactions. In addition, the “geographical or area” level considered in these analyses
might mask variations at other levels (Dranove, Ramanarayanan, & Rao, 2006). More
recently, research has focused on using patient- and physician-level data, which
overcomes some of these issues.

Finally, there is a strong publication bias, in that most research relates to high-income
countries. The lack of evidence with regard to low- and middle-income countries limits
our ability to systematically identify factors that explain practice variation and variation
on the adoption of innovation at global level.

Methods

We conducted a narrative literature review to identify articles presenting either a
theoretical framework or empirical evidence of factors that affect clinical practice and
which might explain differences in the adoption and diffusion of innovation.

The search was performed in Pubmed and EBSCO databases with no time restriction
(from the beginning of the databases). “Unwarranted variation, medical decision(s),
medical practice, clinical (physician) utilization and physician practice patterns [MeSH
term]” were used as keywords to search for variation in medical practice. “Small area
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analysis [MeSH term]” and “regional (geographic) variation(s)” were used as keywords to
define the level at which variation occurs. “Operative surgical procedures [MeSH term],
diagnostic techniques and procedures [MeSH term], and treatment” were used to identify
literature related to the health services of interest, within the context of “Health
(medical) care.” Further limitations required humans to be the subjects of research,
articles written in English, and with an available abstract. The same keywords were
adopted for the search in EBSCO database; MeSH terms were expanded, and the search
results were limited to peer-reviewed journals. Further relevant articles (both peer-
reviewed and working papers) have been found by means of a snowballing approach.

Titles and abstracts were reviewed to assess their relevance. Further inspection into full
text was carried out to examine articles whose relevance and validity could not be judged
by abstract alone. In order to concentrate on the assessment of variation in medical
treatment without the interference of factors specific to therapeutic treatments (e.g.,
drug-adverse reaction or comorbidities that occur and last over time), empirical studies
were limited to medical treatment in the categories of ambulatory care and surgical
procedures.

Findings

The factors associated with practice variation and heterogeneity in the adoption of
innovation can be classified into those related to the patient, those related to the
physician, those related to the provider and those related to the healthcare ecosystem.

Patient-Level Factors

Many studies focus on specific aspects of patients’ characteristics as a source of practice
variation. Patient characteristics firstly include medical need, age, gender, and other
individual characteristics, such as comorbidities and genetic factors that can affect the
epidemiology of diseases, clinical outcomes, and the efficacy of treatment (Yiannakoulias,
Hill, & Svenson, 2009; Panigrahi, Roman, & Sosa, 2010; Caldon et al., 2005). Secondly,
differences in patients’ preferences can be an important source of variation. Medical
treatments may need to take such patient characteristics into account if they are to
deliver optimal outcomes, and consequently, resulting practice variations should be
considered warranted and in the best interest of patients. However, socioeconomic or
demographic characteristics, such as ethnicity, income, or gender are often not
considered legitimate grounds for differential treatment. When these characteristics are
associated with medical-decision variation, inefficiency and inequity in resource
allocation are often the outcome.

A caveat of practically all studies that investigate the importance of socioeconomic
factors is that differences may be due to genuine variation in medical need, and/or other
unobserved factors such as patient preferences. While most studies adjust for medical
complexity the latter is often disregarded in the literature. Moreover, it is widely
documented that healthcare (unmet) needs are higher in groups with lower

Page 4 of 44

PRINTED FROM the OXFORD RESEARCH ENCYCLOPEDIA, ECONOMICS AND FINANCE (oxfordre.com/economics). (c)
Oxford University Press USA, 2019. All Rights Reserved. Personal use only; commercial use is strictly prohibited (for details
see Privacy Policy and Legal Notice).

Subscriber: University College London; date: 13 May 2019



Variations in the Adoption of Healthcare Innovation? A Literature Review

socioeconomic profile (Braveman, Egerter, & Williams, 2011), which suggests that we
should observe higher utilization of healthcare among disadvantaged groups. Another
problem of the studies is that patient-level factors tend to be correlated. For example,
minority ethnic groups often have lower income and socioeconomic profile in general,
which makes it difficult to isolate the impact of ethnicity, particularly if measures of other
factors such as income are not reliable. Most observational studies rely on multiple
regression analysis to disentangle the role different factors play in clinical practice (e.g.,
Walker, 1979). A further difficulty is sample selection; i.e., groups with a lower
socioeconomic profile may be more likely to be admitted to certain hospitals, which in
turn makes it difficult to isolate the impact of patient-specific from hospital-specific
factors. Studies on patient-level characteristics should be interpreted in light of these
caveats.

Most studies focus on the association of patient-level factors with underuse or overuse of
services. However, socioeconomic factors have frequently been shown to also affect the
type of procedure that patients receive in contexts in which patients’ preferences play
marginal roles in treatment selection. For example, open surgery has been shown to be
more prevalent than laparoscopic surgery in individuals with lower socioeconomic status
(Jacoby et al., 2009). Studies typically investigate patient factors using individual-
(patient-) level data; in most cases these are administrative data, but a few studies use
survey data. Some studies use data that is aggregated to a certain extent, usually at small
area or hospital level. In the remainder of this section we will discuss evidence on the
role specific patient characteristics play in clinical practice.

Ethnicity has been identified as an important demographic factor associated with
treatment variation across a wide range of procedures. While genetic differences
between different ethnic groups can play a role in the prevalence and incidence of
disease, differences in treatment choice should be explained solely by health need,
patient preferences and, potentially, willingness to pay. Yet, practice variation across
different ethnic groups is well documented across a broad range of disease areas. In
particular, in the United States, ethnicity has been found to be associated with lower use
by black people of cardiovascular procedures including coronary artery bypass grafting
and percutaneous transluminal coronary angioplasty (Hannan & Kumar, 1997), coronary
angiography (Garg et al., 2002), cardiac catheterization (Mirvis, Burns, Gaschen, Cloar, &
Graney, 1994), cardioverter-defibrillator implants (Groeneveld, Heidenreich, & Garber,
2005) radiation therapy (Baxter, Rothenberger, Morris, & Bullard, 2005), cataract surgery
(Javitt et al., 1995), tooth-preserving dental treatment (Kressin et al., 2003), radical
prostatectomy and radiotherapy (Klabunde, Potosky, Harlan, & Kramer, 1998; Nambudiri
et al., 2012), and eight common surgical procedures (Carlisle, Valdez, & Shapiro, 1995).
There are some studies that find no significant effect of ethnicity, for example, in the
treatment of distal radial fractures (Fanuele et al., 2009), total hip replacement (Judge,
Welton, Sandhu, & Ben-Shlomo, 2010), or coronary angiography (Laouri et al., 1997).
Barnato, Lucas, Staiger, Wennberg, and Chandra (2005) show that ethnicity related
differences in the treatment of acute myocardial infarction (AMI) narrowed or
disappeared when they controlled for hospital related factors. Finally, some studies find

Page 5 of 44

PRINTED FROM the OXFORD RESEARCH ENCYCLOPEDIA, ECONOMICS AND FINANCE (oxfordre.com/economics). (c)
Oxford University Press USA, 2019. All Rights Reserved. Personal use only; commercial use is strictly prohibited (for details
see Privacy Policy and Legal Notice).

Subscriber: University College London; date: 13 May 2019



Variations in the Adoption of Healthcare Innovation? A Literature Review

that ethnicity is associated with overuse, e.g., for hysterectomy in European immigrants
to Canada (Roos, 1984), knee replacement in British patients (Judge et al., 2010), and
tooth-preserving treatment in Asian Veteran Affairs patients (Kressin et al., 2003).

The gender of the patient has also been linked to practice variations. There is an
extensive literature that shows underuse of surgical treatment for female AMI patients,
despite evidence that, on average, female patients could exhibit higher medical
complexity (Garg et al., 2002). Ayanian and Epstein (1991) find that women who are
hospitalized for coronary artery disease undergo fewer major diagnostic and therapeutic
procedures than men, but the authors concede that they lack detailed clinical data to
adjust for legitimate sources of variation. Garg et al. (2002) and Laouri et al. (1997) find
that even after careful risk adjustment, coronary angiography is performed significantly
less often in women. These results have been confirmed for the United Kingdom (Clarke,
Gray, Keating, & Hampton, 1994, Kee, Gaffney, Currie, & O’Reilly, 1993, Petticrew,
McKee, & Jones, 1993) and Switzerland (Santos-Eggimann, Paccaud, & Gutzwiller, 1989),
but not Sweden (Alfredsson et al., 2009). Discrimination against women has also been
found in other clinical areas, including hip and knee replacement (Judge et al., 2010),
adjuvant radiation for rectal cancer (Baxter et al., 2005), surgery for medullary thyroid
cancer (MTC) (Panigrahi et al. 2010), and polypectomy during colonoscopies (Hilsden,
2004). Conversely, some find that men are discriminated against, for example in cataract
surgery (Javitt et al., 1995).

A patient’s financial ability to access care can also be influenced by socioeconomic factors
(Roos & Mustard, 1997). Gilligan, Kneusel, Hoffmann, Greer, and Nattinger (2002), using
data for the United States, find significant persistent variation in the use of breast-
conserving treatment (BCT) by county income between 1983 to 1996; women living in
lower-income counties are less likely to receive “complete” BCT (which, in addition to
surgery also includes radiotherapy and lymph-node dissection). This evidence has been
confirmed in other studies using U.S. data (Lazovich, White, Thomas, & Moe, 1991;
Samet, Hunt, & Farrow, 1994), and Spanish data (Ridao-Lopez et al., 2011), but not in all
studies on this procedure (see for example Polednak, 1997). With regards to other clinical
settings, Carlisle et al. (1995) finds significant variation for eight common surgical
procedures across small areas in Los Angeles County with differing income and ethnicity.
The effect of income is stronger than ethnicity, in particular on coronary angioplasty and
carotid endarterectomy. Similar results for coronary angiography have been found in
Canada (Alter et al., 2003), for knee and hip replacements in the United Kingdom (Judge
et al., 2010), cataract surgery in the United States (Javitt et al., 1995), and laparoscopic
hysterectomy in the United States (Jacoby et al., 2009).

The income effect is reinforced by evidence suggesting that insurance coverage and
deprivation have an impact on practice variation (Bisset & Russell, 1994; Griggs et al.,
2009; Cave, 1995; Stafford, 1990). However, Roos and Mustard (1997) find no impact of
income for 10 out of 12 common surgical procedures in Canada, and for the United
Kingdom, and Kee et al. (1993) find no difference in coronary catheterization and
angiography between areas of varying deprivation, measured by a composite score.
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Bederman et al. (2011) find that surgeries for degenerative diseases of the lumbar spine
were higher in Canadian counties with lower income.

Other important patient-level determinants include education, unemployment, and
marital status. Coyte et al. (2001), using the discharge data of over 70,000 children and
adolescents in Ontario, Canada, found that higher rates of pediatric middle-ear surgery
occurred in counties with higher percentages of high-school graduates. For Spain, Ridao-
Lopez et al. (2011) find significantly higher rates of conservative BCT in areas with both
higher income and education levels.

Even marital status of patients has been linked with practice variations. Potosky et al.,
(2004) showed that 59% of married patients receive the recommended therapy non-small-
cell lung cancer therapies, as opposed to only 38% of single patients. The authors
speculate that married patients receive better “social support,” which in turn influences
patients’ preferences for this therapy. An alternative explanation could be differences in
insurance coverage for single and married individuals, and associated financial
incentives, which may affect both patients and physicians’ treatment choices.

Agency theory (Jensen & Meckling, 1976) postulates that as agents to their patients,
doctors might consider patient preferences in their decision leading to (warranted)
practice variation. However, in the context of imperfect agency, the degree to which
patient preferences are incorporated into treatment decisions can lead to unwarranted
variation. For instance, procedure rates for preference-sensitive conditions, such as back
pain, breast cancer, and benign prostatism, tend to vary considerably more than rates of
other interventions (Arriagada et al., 1996, Green, 1996, Wennberg, 2002, Poggi et al.,
2003). Hawker et al. (2001) showed that both patients’ willingness to undergo hip and
knee arthroplasty and clinical need for this procedure (defined by the clinical indications)
are associated with surgical rates, implying that patient-related demand factors impact
on practice variations alongside clinical indications and other factors. Garg et al. (2002)
find that 2% of Medicare AMI patients refuse angiography, and, not surprisingly, the
authors identify this as a major predictor of underuse of the procedure. Neither study
could establish why patient preferences differ, but Mancuso et al. (1996) modeled the role
of patient preferences more explicitly. The study assessed the determinants of practice
variation in the context of total hip and knee arthroplasties in academic medical centers
in New York City and McGill, using a sample of 50 orthopedic surgeons. They argue that
two types of patient characteristics can influence surgeons’ decisions for treatment:
psychological and functional. With respect to the former, the authors find that poor
motivation, limited cooperation, and hostile personality would render the majority of
surgeons skeptical about performing arthroplasties. With respect to functional
characteristics, a patient’s desire to be independent and return to work as well as the
desire to perform sports would impact doctors’ decisions to perform arthroplasties.

The role that patients’ preferences might play in decision-making is likely to be greater in
the context of adoption of innovative treatments. The uncertainty about what constitutes
best practice tends to be higher at the early stages of an innovation diffusion process,
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where conclusive clinical evidence to support dominance of one treatment option over
another is scant. In this context, decision aids are designed to aid patients in making
decisions about specific treatments and medical procedures. This collaborative process
allows patients’ preferences and values to be reflected in the choice of the treatments
they receive, instead of them relying solely on physicians’ opinions. Research has shown
that patient decision aids can effectively increase patient awareness of the expected
risks, benefits, and likely outcomes of different treatment alternatives (Kaplan & Frosch,
2005; Lurie, Bell, & Weinstein, 2009). As Lurie et al. put it, “. . . the ‘right rate’ for most
procedures is the one resulting from a fully informed patient population fully engaged in
the decision-making process” (Lurie et al., 2009). Although evidence on the effect of
decision aids on variation in procedure rates is limited, several randomized trials across
different geographies have demonstrated significant reductions in surgery rates when
such aids have been utilized (Kennedy et al., 2002; Auvinen et al., 2004; Whelan et al.,
2004).

Physician-Level Factors

In a seminal paper, Wennberg and Gittelsohn (1973) suggest that “provider
characteristics” are a major source of practice variation; this line of thought eventually
led to Wennberg’s well-known “practice style theory” (Wennberg, 1984), in which he
concludes that unexplained variation in utilization stems from doctors themselves and
what they believe constitutes appropriate care. However, Wennberg does not identify the
specific aspects of physician characteristics or behavior that may underpin such
variations and therefore does not offer much guidance for empirical investigation and
policy interventions. While several empirical studies have tested Wennberg’s practice
style theory (Westert, Nieboer, & Groenewegen, 1993; Escarce, 1993), it has proven
difficult to find indicators for physician attitudes, beliefs and behavior. Therefore, the vast
majority of the empirical literature relies on the residual method approach toward the
measurement of “practice style,” first proposed by Long (2002). This approach consists of
measuring the role that exogenous determinants (including patient agency constraints,
organizational constraints, and environmental constraints) play in clinical practice—i.e.,
“induced variation”—and attributing the remaining residual variance to differences in
physicians’ practice styles—i.e., “unexplained” or “innate” variance. Several of these
studies make use of small area analysis methodologies to control for factors which
influence healthcare utilization, attributing observed differences between small areas to
practice style. These studies further look at correlations between practice variation and
physician characteristics.

The validity of this empirical approach to assessment of “practice style” relies on
researchers’ ability to observe and control for all important aspects of exogenous
constraints affecting physician practice, allowing them to attribute any variance left
unidentified to “innate variance,” regardless of its true nature. However, this approach,
as Folland and Stano (1990) point out, leads inevitably to the problem that supporting
evidence of the “practice style theory” is indirect, either in the form of a correlation
between utilization rate and physician’s discretion regarding indication of treatment, or
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observations of unexplained residual (innate) variance in treatment, after adjustments for
patient and hospital characteristics have been made. There is no sound basis for the
claim that residual variance should be attributed entirely to physician style, just as there
is no evidence to support the opposite. Therefore, using residual variance as evidence for
the validity of the “practice style theory” is rather questionable, and it should merely be
considered an “upper bound” for the proportional input of practice style factors (Folland
& Stano, 1990). Moreover, most studies have been criticized for using aggregated data
across physicians and, therefore, for being unable to fully distinguish demand factors
from supply factors that affect variation (Grytten & Sgrensen, 2003; Stano, 1985; Folland
& Stano, 1990).

A better empirical strategy might be to make use of patient-level data to better
disentangle supply- from demand-side factors. Some studies also make use of panel data
linking patient characteristics with doctor characteristics to assess the dynamics of
practice style and its determinants (Grytten & Sgrensen, 2003; Epstein & Nicholson,
2009; Currie, MacLeod, & Van Parys, 2016; Molitor, 2018). Some contributions exploit
variation in doctor migration to identify the role of physician-level factors such as
preferences and learning play in explaining practice variation and physician behavior
(Grytten & Sgrensen, 2003; Epstein & Nicholson, 2009; Currie et al., 2016; Molitor,
2018). Grytten and Sgrensen (2003) for instance, present evidence that supports the
“practice style theory” for primary physician services in Norway, showing that physician-
specific effects account for more than 50% of the variation in expenditure for laboratory
tests, in expenditure for consultations, and in expenditure for specific procedures. The
authors further show inertia in the change of practice styles for those physicians that
change municipality. Epstein and Nicholson (2009), making use of patient- and physician-
level data for C-sections in the United States find also evidence for the existence of
practice style. The authors find that practice style changes over time and that it is shaped
by learning and peer effects. Molitor (2018), using data for U.S. cardiologists, finds that
physicians’ decisions are affected by practice style; however, the effect is smaller than
that of environment-specific factors.

In what follows we will discuss the main findings of the empirical literature, that shows
that several physician factors correlate with practice style, namely: (i) socio-demographic
characteristics; (ii) training and work-related characteristics; (iii) behavioral attitudes,
mainly with respect to uncertainty and enthusiasm.

Socio-Demographic Characteristics

With respect to physician socio-demographic characteristics, there is limited evidence on
the role of physician age, gender, and ethnicity as determinants of practice variation.
Harris et al. (2009) administered a survey on the management of patients with mitral
regurgitation to a sample of 1,076 physicians, predominantly from the United States and
Canada, and found no effect of physician gender on physician practice patterns. Similar
evidence was found by a survey administered to 392 orthopedic surgeons in Ontario to
assess the physician factors that impacted their decisions regarding knee replacements.
The authors found the age and gender of the physician to be unrelated to the variation in
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decision-making in this context. A study by Yiannakoulias et al. (2009) found that
physician age was not a significant predictor of cerebrovascular disease (CVD) entropy in
the province of Alberta, Canada in 2006. However, age and gender have been found to
correlate more strongly with practice variation in other areas. Wright et al. (1999) found
that male physicians had a higher propensity to carry out knee-replacement surgery.
Using hospital and physician-level data for Ontario between 1996 and 1999, Coyte et al.
(2001) found that male physicians were more likely to refer patients for myringotomy
with insertion of tympanostomy tubes than female physicians. Finally, Yiannakoulias et al.
(2009) found that physician gender was a significant predictor of CVD entropy.

This strand of the literature also suggests that the characteristics of the physician in
relation to those of the patient might impact practice variation. Geller, Burns, and Brailer
(1996) found that female physicians were more likely to perform hysterectomies than
male physicians. Similarly, female physicians were more likely to see female patients,
have longer visit durations, and were more likely to perform prevention procedures for
female patients and make some follow-up arrangements and referrals. Yiannakoulias et
al. (2009) showed that CVD entropy was lower for physicians with a higher proportion of
patients of the same sex than for those with lower proportions of patients of the same sex.
Roos (1984) investigated hysterectomy across Manitoba, Canada, and found fivefold
variation across hospital areas, showing that rates were higher in regions with a higher
proportion of immigrant population. In addition, Roos (1984) found some indication of the
potential impact of “hysterectomy-prone practice style” but could not present reliable
evidence due to the lack of suitable data. These findings are consistent with substantial
evidence from the literature on the role of doctor-patient relationship and on physicians
and medical communication (Roter, Lipkin, & Korsgaard, 1991; Roter, Hall, & Aoki, 2002;
Franks & Bertakis, 2003).

Training and Work-Related Characteristics

Characteristics of the medical school attended (for example, size, specialty of affiliated
hospitals, and adequacy of teaching staff, funding, etc.), and country of training are all
attributes that shape an individual physician’s practice patterns. For example, Coyte et al.
(2001) found that Canadian counties with a greater proportion of referring physicians
trained in North America were more inclined to perform myringotomy with insertion of
tympanostomy tubes, compared to physicians that were not trained there.

Physician experience and workload also seems to correlate with the likelihood of
performing certain treatments. Geller et al. (1996) showed that physicians with more
years of experience were more likely to perform hysterectomies using a sample of 339
physicians in Arizona. Finally, Salopek et al. (1995) reported that the likelihood of
performing an initial biopsy on patients suspected to have malignant melanoma was
inversely related to dermatologists’ years of experience. Wright et al. (1995) found that in
Ontario, orthopedic surgeons who had carried out a high volume of knee-replacement
procedures were more likely than those with less experience to perform knee
replacements.
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Yiannakoulias et al. (2009) used the 2006 medical claims database of Alberta, Canada to
analyze practice variation in CVD entropy. They estimated a hierarchical linear model to
analyze determinants of practice variations at four levels (physician level, facility level,
municipality level, and regional level). Findings indicated that workload for individual
physicians (number of medical claims submitted), was positively associated with CVD
entropy. However, the activity level of facilities was negatively associated with CVD
entropy. The authors speculate that these apparently conflicting findings could be
explained by how professional interaction is affected by physician workload; in practices
where workload is high for all practitioners, there may be less interaction between
physicians, leading to less collaboration in particular cases, and a reduction in variability
in diagnoses.

Finally, the department where a physician works, specifically inpatient or emergency, has
also been shown to affect physician decision-making and practice variation. Bhargavan et
al. (2010) observe variation in imaging tests in the diagnosis of pulmonary embolism
across emergency patients and inpatients. Patients seen in both the emergency and
inpatient department were more likely to undergo imaging tests, compared to patients
seen only in inpatient departments. The authors speculate that emergency physicians
might demand more diagnostic tests because they need to make treatment decisions
quickly; the workload in the emergency department is often higher, because of a higher
volume of patients and greater patient complexity and urgency in receiving treatment;
also, in emergency settings, there is often incomplete knowledge about patients’ medical
history.

Behavioral Attitudes
Uncertainty and Decision-Making: The Theory

Uncertainty in the diagnosis and in treatment outcomes have also been identified as
important in the definition of “practice style” and consequently as one of the main
predictors of practice variation. Phelps and Parente’s (1990) study attempts to shed some
light on the theory of “practice styles” with an economic model of practice variation
which places particular emphasis on physicians’ behavior; the authors demonstrate that
welfare loss increases with the gap between quantity consumed by fully informed
individuals and those without full information. They describe this source of variation as

“. .. the economics of information, not one of irrationality or market failures” (Phelps,
1995).

Davis, Gribben, Scott, and Lay-Yee (2000) attempted to understand physicians’ behavior
in the context of the environment they were working in by analyzing the role the
healthcare facility and the wider healthcare system play in physicians’ decision-making.
They developed the “supply hypothesis” as integration of “the observation that features of
supply in medical care markets appear to play a powerful role in shaping patterns of
utilization.” They analyzed three key conceptual dimensions of clinical decision-making in
a fee-for-service setting; namely, physician agency, clinical ambiguity, and income
incentives. Of the three dimensions examined, physician agency and clinical ambiguity
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show significant effect in influencing inter-practitioner variation, while income incentives
(measured by request for follow-up visits) do not seem to induce any detectable variation,
suggesting a “clinical” rather than “economic” interpretation of medical practice
variation. The Diffusion Theory (Phelps, 1995; Phelps, 1992; Birkmeyer et al., 1998;
Griggs et al., 2009) builds on this insight, and recognizes that as more knowledge is
disseminated among physicians, less uncertainty remains in their clinical judgment,
which ultimately diminishes variation in their practice patterns.

Uncertainty and Decision-Making: Empirical Evidence

Uncertainty regarding treatment effectiveness and lack of consensus about what
constitutes “best practice” across clinicians have both been empirically identified as
possible determinants of practice variation in several clinical areas (Eddy, 1984; Andersen
et al., 1987; Barron & Kazandjian, 1992; Cave, 1995; Wright et al., 1995; Weinstein, Lurie,
Olson, Bronner, & Fisher, 2006; Harris et al., 2009). For a sample of 234 orthopedic
surgeons in Ontario, Wright et al. (1995) assessed the agreement on indications for knee
replacement and their views on their perceptions regarding the usefulness of several
treatments for knee osteoarthritis. The authors show that there is clear disagreement
among surgeons in the indication and effectiveness of several treatments (Wright et al.,
1995). A carefully designed study by Ayanian, Landrum, Normand, Guadagnoli, and
McNeil (1998) shows that the views of physicians on the appropriateness of coronary
angiography after AMI for 20 common indications agree very closely with an expert
panel, but the authors concede that this result may reflect the availability of
acknowledged guidelines for this procedure and may not be generalizable to other
important procedures. Katz et al. (2005) investigated the role of surgeon’s attitudes and
beliefs in driving geographical variation in mastectomy, radiation therapy, and breast-
conserving surgery (BCS) and found that high-volume surgeons more frequently endorse
clinical guidelines that favor BCS, and that variation in surgeon opinion reflects clinical
uncertainty about the benefits of alternative treatments.

The uncertainty about what constitutes best practice tends to be higher at the early
stages of an innovation diffusion process, where conclusive clinical evidence to support
dominance of one treatment option over another is scant. The large gray area of “clinical
discretion” within which surgical decisions are made has indeed been identified as a
source of unwarranted variation in medical decision-making and therefore will naturally
impact the decision of adopting a new treatment. For instance, in a study evaluating 13
surgical procedures across different hospitals in Colorado (United States), 97% of the
reviewed cases were at best aligned with published surgery indications and at worst were
deemed reasonable by external expert review (Elliott, Kahn, & Kaye, 1981). As Birkmeyer
et al. (2013) suggest: “procedure rates can vary substantially without surgeons breaking
the rules of scientific evidence or infringing upon clinical guidelines.”

Finally, the introduction of a medical innovation can lead to variation simply by increasing
the number of available alternative treatment options generating further uncertainty, or
result in disagreement among physicians about whether the new procedure or technology
should replace existing ones (Birkmeyer et al., 2013; Escarce, 1996; Wilson, 2006). In
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some cases, physicians’ disagreement is about the indications for surgery in light of a
new technology, which can not only result in surgical variation but also an overall
increase in surgical rates (Birkmeyer et al., 2013). For example, the rates of
cholecystectomy in the United Kingdom and the United States increased significantly
after the introduction of laparoscopic surgery in the 1990s, despite the lack of new
evidence indicating surgery thresholds (Rutledge, Fakhry, Baker, & Meyer, 1996;
McMahon, Fischbacher, Frame, & MacLeod, 2000). Practice variation due to variance in
innovation adoption can also stem from differences in physicians’ access to information,
training and usage-related costs, and exposure to manufacturers’ promotion efforts
(Escarce, 1996; Wilson, 2006).

Enthusiasm and Decision-Making

The extent to which uncertainty impacts decision-making is mitigated by the level of
enthusiasm with respect to a treatment. This is another factor that might explain practice
variation and adoption of innovation. Chassin’s (1993) “enthusiasm hypothesis” explains
geographic differences in utilization by suggesting that “differences are caused primarily
by the variability in the prevalence of physicians who are ‘enthusiasts’ about the use of
the services whose use varies.” Most empirical studies in this area have several
limitations. First, results may be affected by sampling bias in that physicians who choose
to participate in a survey are more enthusiastic toward the specified area of clinical care,
thus leading to over-representation of the general propensity to perform the procedure.
Further, without data on the number of patients treated by the physicians it is hard to
establish the relative significance of each individual physician’s response to the overall
extent of observed practice variations. Therefore, the evidence that follows must be
interpreted in light of these caveats.

Despite these caveats, the enthusiasm hypothesis has been identified as one of the factors
associated with the variation of surgical rates in Ontario for degenerative diseases of the
lumbar spine (Bederman et al., 2011), and myringotomy with insertion of tympanostomy
tubes (Coyte et al., 2001). In a well-designed study that makes use of a rich dataset on
patients’ and physicians’ characteristics, Currie et al. (2016) find further evidence in line
with the enthusiasm hypothesis. The authors show that practice variation is characterized
by differences across physicians’ responsiveness to patients’ characteristics and
aggressiveness in the treatment of AMI in the United States. She further shows that
aggressiveness and responsiveness vary with age, gender, and training. Bloor et al.
(1978) report that higher tonsillectomy rates are found among more aggressive surgeons
who, in turn, give more importance to physical examination than elements of the patient’s
medical history, such as the number of previous tonsillitis episodes.

Studies have identified physicians’ specialty as a physician-related factor that affects
clinical judgments (Salopek et al., 1995; Capper & Canter, 2001; Sawka et al., 2007;
Harris et al., 2009; Bhargavan et al., 2010). Specialty also affects choice between medical
and surgical treatments for the same conditions. For example, dermatologists who
perform surgical procedures are more enthusiastic about conducting the relevant pre-
surgery diagnostic biopsies than non-surgical dermatologists (Salopek et al., 1995).
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Sawka et al. (2007) asked individual physicians from the United States and Canada to
recommend treatment using radioactive iodine remnant ablation for a sample case of
thyroid carcinoma; they found that non-academic affiliation and surgical specialty are
significant factors in predicting physician response. Possible explanations may be the
unavailability of an imaging facility in a non-academic setting, and differences in opinion
about risks and benefits of remnant ablation across surgeons and endocrinologists. Harris
et al. (2009) investigated the timing of surgical treatment of asymptomatic patients with
severe mitral regurgitation and found significant differences in opinion in cardiology
versus cardiothoracic surgery specialties, with surgeons more prone to surgery.
Bhargavan et al. (2010) found differences across specialties regarding the usage of
clinical tests. Finally, Garg et al. (2002) and Borowsky et al. (1995) found that AMI
patients treated by generalist physicians rather than cardiologists were less likely to
receive coronary angiography, but do not further explain this finding.

Lastly, studies have identified other physician-related factors that affect clinical
judgments, including site of practice (Bhargavan et al., 2010), place of education and
training (Wright et al., 1999; Coyte et al., 2001), board qualification (Nickerson, Colton,
Peterson, Bloom, & Hauck, 1976, Chuah, Lee, Wirtzfeld, & Pollett, 2010), years of
experience (Verstappen et al., 2004; Chuah et al., 2010), compliance to guidelines
(Chassin et al., 1986), and workload (Yiannakoulias et al., 2009).

Networks and Collaboration

In healthcare, networks, both at the individual and at the organizational level, can foster
the diffusion of information, the adoption of new practices, and standardization of
healthcare provision. Even though the literature above suggests that where a physician
works and with whom she collaborates affects her decisions, the literature on the role of
networks in the adoption and diffusion of healthcare innovations is scant. The healthcare
literature on networks has focused on collecting data at the individual level in teams of
physicians and nurses. The literature has focused on either the characterization of
networks, the factors associated with interactions between healthcare professionals that
shape the structure of such networks, network positions, or their consequences (Tasselli,
2014). This literature covered some of the ways in which relationship networks can
influence both healthcare outcomes and diffusion of innovations.

Many studies characterize individual networks and its dynamics by measuring
communication or information flows between doctors. The structure of communication
networks is highly influenced by the tendency of people to prefer to interact with others
similar to themselves, on dimension such as gender, age, seniority, or profession (Chase,
1995; Cott, 1997; Creswick & Westbrook, 2006; Creswick, Westbrook, & Braithwaite,
2009; MacPhee, 2000; MacPhee & Scott, 2002; Webster, Grusky, Podus, & Young, 1999).
Seniority and professional background also affect networks between physicians in a team
(West, Barron, Dowsett, & Newton, 1999), with homophily often playing a strong role.
This potentially means that information and advice flow mainly in groups segregated by
specialty or seniority. This might impair diffusion of information in some cases, leading to
redundant information being shared within a mostly closed group. This segregation might
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explain differences in adoption of innovation. Indeed, evidence suggests that individuals
that are homophilous with adopters (i.e., have similar characteristics, such as educational
and professional background) are more likely to adopt innovations.

Team characteristics along with leader characteristics, such as gender of the clinical lead,
influence the network structure of the team, for example, through centralization (Keating,
Ayanian, Cleary, & Marsden, 2007). Centralization might delay diffusion of information
and practices that do not originate with (or are not championed by) a central actor.
Conversely, centrality of key actors in the network is usually favorable to information
diffusion through this network, provided that the central individuals are supporting the
diffusion (Becker, 1970; Cott, 1997; Creswick & Westbrook, 2006; Lewis, Baeza, &
Alexander, 2008; Mendel, Damberg, Sorbero, Varda, & Farley, 2009; West, Barron,
Dowsett, & Newton, 1999; Peng, Lo, Lin, & Yu, 2006). These network configurations have
also been shown to help achieve good health outcomes (Cunningham et al., 2012).

Brokers, who are defined as individuals connecting other individuals who are otherwise
unconnected, help the diffusion of critical information, so does hierarchical structure in
the network (Heng, McGeorge, & Loosemore, 2005; West & Barron, 2005; Rangachari,
2008). This can potentially foster faster diffusion of innovative practices. Density in
healthcare networks favors lower variability in performance but sometimes leads to less
efficient information acquisition/diffusion through network ties (Fattore, Frosini,
Salvatore, & Tozzi, 2009; West & Barron, 2005; West et al., 1999; Ormrod, Ferlie, Warren,
& Norton, 2007; Mendel et al., 2009). There is additional evidence that how practice
diffuses in a network is influenced by the professional affiliations of the network
members. Ferlie, Fitzgerald, Wood and Hawkins (2005) study the barriers to adoption of
innovation in the NHS and find that boundaries between professional communities, both
social and cognitive, can strongly retard the spread of an innovation, hinting that in multi-
professional organizations, managing disciplinary boundaries is essential to favor the
adoption of specific innovations.

There is a debate around the drivers of innovation adoption in healthcare networks to
determine whether contagion or imitation have more influence on diffusion. This debate
dates back to the seminal work by Coleman, Katz, and Menzel (1957), who found that
contagion led to diffusion (new adopters of a treatment were linked to doctors that had
adopted) and continued with several reanalyses of their dataset (Burt, 1987; Marsden &
Podolny, 1990; Strang & Tuma, 1993; Van den Bulte & Lilien, 2001), who found that
structural equivalence (similarity of position) might be driving diffusion more than
contagion. The structure of the network at the individual level has been shown to impact
the diffusion of social norms (Srivastava & Banaji, 2011). Certain individuals in the
network will play the role of gatekeepers due to their position within the structure, for
example because they occupy a brokerage position in this network (Fleming &
Waguespack, 2007; Lingo & O’Mahony, 2010).

Brokers connect otherwise unconnected individuals and therefore control, to a point, the
information flows between the two regions of the network they connect. Should the
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individuals acting as a broker resist change, they are likely to delay diffusion of
information and slow down the adoption of a new practice. Indeed, for the information to
reach the group that is on one side of the brokers from the group on the other side will
require an alternative route through the network. While brokers can delay information
diffusion, other individuals have positions that can help diffusion. Central individuals with
many connections are prime targets to help gather support for the introduction of new
practices, as their numerous connections place them in a good position to spread
information about the new norm (Borgatti, 2005; Godart, Shipilov, & Claes, 2014). One
can therefore imagine that, in trying to introduce new guidelines, health systems could
benefit from targeting specific individuals as “champions” following an assessment of
their networks. Similarly, bringing brokers on board can help lift a hurdle for the diffusion
of a new practice.

Social networks also seem to influence choice of treatment and quality of care, through
social influence (Burke, Fournier, & Prasad, 2003) and through greater access to
information about innovations (Carpenter et al., 2011; Hollingsworth et al., 2015).
Pollack, Weissman, Bekelman, Liao, and Armstrong (2012) show, through creating
networks of shared patients in the case of prostate cancer treatment, that treatment
choice depends on which subgroup doctors are members of once one controls for both
patients and physicians’ characteristics.

At the institutional level, there is mixed evidence about the benefits of association with
institutions that disseminate best practices, with some studies showing increase in the
uptake of innovative practices and others showing little or no increase in uptake (Tan et
al., 2015; Meyer et al., 2013; Carpenter et al., 2012; Barocas et al., 2013; Miller, Murtagh,
Suh, Knapp, Dunn, & Montie, 2010; Miller et al., 2011).

In summary, even though there is no consistent evidence on the exact magnitude or
extent of influence that physicians have on practice variations, there is plenty of evidence
to show that physician characteristics and network collaboration can play an important
role in medical practice variations in certain clinical areas, particularly where there is
uncertainty or disagreement about best-practice treatments, or where patient
preferences, and their interpretation by the treating physician, play an important role.
Networks of collaboration influence diffusion and adoption of innovations, even if the
mechanisms behind the diffusion (contagion or imitation) are often hard to disentangle.
Therefore, while it is common for health systems to foster the adoption of innovation
through one-size-fits-all interventions (such as the standardization of training and/or
through best-practice clinical guidelines), our results suggest that heterogeneity of
physician characteristics and their networks might hinder the effectiveness of these
interventions.

Provider-Level Factors

The vast majority of studies that assess the role that organizational characteristics play in
determining practice variation and adoption and diffusion of innovation tend to use
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aggregate data at provider level. They usually have few controls for patient need and
physician characteristics and therefore fail to disentangle the effect of organizational
characteristics on clinical practice and adoption of innovation from the effect of demand-
side and practice style factors. One notable exception is the study by Molitor (2018)
which found that the effect of organizational-level characteristics in explaining practice
variation is twice the size of physician-specific factors. Yet the author does not identify
which organizational factors play a role, and the evidence remains mostly descriptive in
nature.

Within this largely descriptive body of literature, there is abundant empirical evidence
that differences in hospital organizational characteristics are associated with variation
and adoption of innovation. Studies have identified type of hospital (Blais, 1993; Weiner,
Starfield, Powe, Stuart, & Steinwachs, 1996; Spencer et al., 2008; Willens et al., 2009),
location (urban or rural) (Gatsonis, Epstein, Newhouse, Normand, & McNeil, 1995;
Nattinger, Gottlieb, Hoffman, Walker, & Goodwin, 1996; Byles, Mishra, & Schofield, 2000;
Hilsden, 2004; Garreau et al., 2005; Yiannakoulias et al., 2009; Bhargavan et al., 2010),
size and capacity (Kimberly & Evanisko, 1981; Castle, 2001; Goes & Park, 1997; Nystrom,
Ramamurthy, & Wilson, 2002; Brown & Barnett, 1992; Burns, Chilingerian, & Wholey,
1994; Nattinger et al., 1996; Fritsche et al., 2000; Verstappen et al., 2004; Baicker,
Buckles, & Chandra, 2006; Xirasagar, Lin, & Liu, 2006; Ketcham, Baker, & Maclsaac,
2007; Chen, Zhang, Sun, & Mueller, 2009; Yiannakoulias et al., 2009; Lurie & Weinstein,
2001; Goes & Park, 1997; Nystrom et al., 2002), age of the hospital (Kimberly & Evanisko,
1981), organizational slack (Nystrom et al., 2002), availability of resources and certain
procedures (Santos-Eggimann et al., 1989, Every et al., 1993; Gatsonis et al., 1995),
existence of a trauma center (Davis, Localio, Stafford, Helfaer, & Durbin, 2005), and
functional differentiation (Kimberly & Evanisko, 1981, Burns & Wholey, 1993). All of these
have been shown to result in systematic variations in the availability of medical
treatments or diagnostic tools, mix and number of clinical staff, financial incentives, and
other factors that cause practice patterns that are not explained by other causes at the
patient and physician level.

Variation in the availability of diagnostic and therapeutic technologies have been shown
to affect variations in procedures ranging from Cesarean delivery, cardiac procedures
(including catheterization, percutaneous coronary angioplasty, and coronary artery
bypass graft surgery), treatment for breast cancer or prostate cancer (Lazovich et al.,
1991; Every et al., 1993; Mirvis & Graney, 1999; Garg et al., 2002; Baicker et al., 2006;
Nambudiri et al., 2012) and thrombolysis (Pilote et al., 1996). Studies find that the in-
hospital availability of cardiac procedures (cardiac catheterization, bypass surgery, and
angioplasty) strongly influences their use for AMI patients, for example in hospitals in
New England, United States (Wennberg et al., 1997), in New York State (Blustein, 1993)
for patients from the US Veterans Health Administration (VA) (Mirvis & Graney, 1999),
and, in the case of coronary angiography, in Medicare AMI patients (Gatsonis et al., 1995;
Garg et al., 2002), and in AMI patients admitted to hospitals in Seattle (Every et al.,
1993). Nambudiri et al. (2012) show that VA medical centers with limited access to
external beam radiotherapy had lower radiotherapy rates for treating prostate cancer
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patients. Studies on VA data are not without limitations; for example, VA patients may be
systematically different from other patient populations, which limits generalizability of
results (Nambudiri et al., 2012); further, VA patients could have received medical
attention in non-VA centers, with the effect that procedure rates are underestimated.
Pilote et al. (1996), using data on over 20,000 thrombolysis patients, show that
availability of angiography and revascularization, aside from, perhaps surprisingly,
younger age, was a major determinant of its use.

Urbanization of the area in which a hospital is located affects population density, and can
impact on the availability of facilities and supply and mix of clinical staff. Urbanization
has been proven a determining factor in the accessibility of medical services such as
breast-conserving treatment (BCT) (Nattinger et al., 1996), but seems less important for
the availability of some other procedures, for example endoscopy (Hilsden, 2004).
Economies of scale may determine that procedures which have comparably higher
requirements with regards to equipment, facilities, and supply and qualification of
medical staff are concentrated in urban metropolitan areas where there is a large enough
population and a higher demand for such procedures. However, Weinstein et al. (2004)
analyzed Medicare rates for surgery to treat degenerative diseases of the hip, knee, and
spine across U.S. regions over a decade, and observed an inverse association between
population density and spine surgery rates, but no significant association between supply
of surgeons and surgery rates. They further found that rates were highly variable among
regions, and that these variations were surprisingly persistent over time.

Differing characteristics of the surgeon population across urban and rural areas may also
result in practice variations; for example, Yiannakoulias et al. (2009) analyzed variations
in diagnostic practice style associated with cerebrovascular disease in the province of
Alberta, Canada. They found that physicians working in rural and urban municipalities
had different practice style patterns even after controlling for the types of facilities they
work in, their professional medical specialization, and their workload. They speculate
whether the notably higher proportion of foreign-trained practitioners in rural areas, and
their unique practice patterns, may account for part of the variation between rural and
urban municipalities.

A number of studies show that practice or facility size have significant impact on
physician behavior and practice variations. Baicker et al. (2006) used the National Center
for Health Statistics (NCHS) that contains linked data on birth and infant death to
identify factors that contribute to risk-adjusted county Cesarean rates and found that
provider density and hospital capacity account for around 9% of the variation in these
rates. Goes and Park (1997) and Nystrom et al. (2002), using panel data for U.S.
hospitals, found that larger hospitals were more innovative than smaller hospitals. Castle
(2001) found similar evidence for nursing homes, with nursing homes with a higher
number of beds being more likely to adopt innovation at early stages of the diffusion
process. Angst et al. (2010) studied the diffusion of electronic records in U.S. hospitals
from 1975 to 2005 and found that the size and age of a hospital make it more prone to
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being influenced to adopt, while younger hospitals are more influential (infectious). They
also found that status increases influence, and so does spatial proximity.

Lu et al. (2015) assessed what hospital characteristics that correlate with innovation
adoption behavior using patient-level data for the provision of percutaneous coronary
interventions in Taiwanese hospitals. The authors showed that smaller hospitals and
those located close to an early adopter tended to adopt the innovation later. A higher
proportion of physicians practicing in larger facilities appears to decrease practice
variations overall (Burns et al., 1994; Yiannakoulias et al., 2009), possibly because
increased communication among staff in larger facilities results in treatment decisions
that are more in line with universally acknowledged best practice (Verstappen et al.,
2004; Xirasagar et al., 2006; Ketcham et al., 2007). Ketcham et al. (2007) demonstrate
that communication among doctors is associated with improved patient outcomes. They
find that Medicare patients with AMI treated by solo physicians are less likely to receive
cardiac catheterization and angioplasty within a day of admission and more likely to die
than other patients in the same hospital. However, reduced variation can also be seen as
loss of autonomy and may not necessarily be beneficial in terms of accommodating
patient preferences and encouraging innovation.

Burns and Wholey (1993), using a panel of 1375 non-federal general hospitals in the
United States, followed between 1961 and 1978, found that functional and task diversity
correlates with adoption of innovation in hospitals. Functional differentiation—measured
as the extent to which a hospital is divided into different sub-units—has also been found
to be correlate with the adoption of 12 technological innovations and 8 administrative
innovations in U.S. hospitals, after controlling for leadership and contextual differences
across hospitals.

Lastly, hospital policies, incentives and regulations play a significant role in unifying
clinical practice. A recent study from Gauld, Horwitt, Williams, and Cohen (2011)
investigated the strategies employed by 710 U.S. hospitals to reduce unwarranted
practice variation and found that methods to modify variation include (in descending
order of effectiveness judged by hospital representatives) benchmarking, clinical-practice
guidelines, blinded report cards, opinion leader education, pay for performance,
unblended report cards, and patient engagement. Guadagnoli et al. (2001) found
geographic variation of angiography in Medicare patients to be associated with higher
degree of discretion in the indications of a specific treatment, suggesting the need for
clinical trials that can provide convincing guidelines for physician practice. Keller, Soule,
Wennberg, and Hanley (1990) found that practice variation in orthopedic procedures can
be reduced through data feedback. Marciniak et al. (1998) showed that feedback of the
Cooperative Cardiovascular Project data to hospitals and coordination between referral
networks improved care in four states in the United States.

In the context of imperfect agency, heterogeneity in financial incentives faced by
physicians might explain clinical-practice variation. Howard, David, and Hockenberry
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(2017) exploit an “informational shock” in the United States to show that physicians’
treatment decisions are affected by ownership and financial incentives.

Health System and Ecosystem Factors

Patients, physicians, and providers interact within an ecosystem and therefore their
actions are inevitably influenced by the institutional and contextual environment of the
health system and more generally the society within which they exist. The ecological
approach to the assessment of practice variation highlights the importance of the
contextual environment and the interdependence of the different stakeholders within the
health system as a key determinant of practice variation and adoption of innovation. Two
recent frameworks explore the contextual determinants of practice variation (Gillick,
2009; Burke et al., 2010) within its broader context. Burke et al. (2010) focuses on the
social interaction among local physicians, namely productivity spillover and conformity
pressure, providing a theoretical framework in which both patient characteristics and
local social influence are taken into consideration.

Conversely, Gillick’s (2009) framework employs the “ecosystem” approach to explaining
geographic variation in physician test-ordering behavior. With data on physician-
administered imaging tests in Florida, Gillick highlights that the interacting components
of a medical ecosystem includes that of patient-physician relationship, impact of local
community characteristics (e.g., hospitals, medical schools, supply of malpractice
lawyers, health plans), and on a larger scale, societal factors such as drug companies,
media, congress, and medical device-makers, etc. The model stresses the
interdependence of each component, hence any change imposed on a single component
of the ecosystem may bring about compensatory changes in another aspect. This means
that policymakers must embed these spillover effects in policy design and consider
multiple levels of interventions should they wish to achieve major changes in physician
practice pattern. Gillick’s model, although difficult to test empirically, emphasizes that
the healthcare system is constructed from much more than the adopters and end users of
innovation, i.e., just hospitals, doctors, and patients. System-level factors can work on
multiple levels to influence physician- and patient behavior, and impact on observed
practice patterns (Riley et al., 2008; Busato, Widmer, & Matter, 2011; Ridao-Lopez et al.,
2011).

The position of a hospital within the healthcare system is also likely to influence practice.
Compagni, Mele, and Ravasi (2015) studied the diffusion of robotic surgery in Italy from
1999 to 2010 and found that peripheral hospitals sometimes take up the role of
innovation champions in the search for social status. When their efforts are successful,
they become “exemplary users” and the advocacy work they do to promote the new
practice strengthens isomorphic diffusion, even when uncertainty about the benefits of
the innovation remains.

Another important system-level factor is the financing of healthcare. Prospective
payments have been found to affect the adoption and diffusion of innovation in hospitals.
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However, the evidence on the direction of the effect is mixed (Sorenson et al., 2015). With
a sample of 2,558 U.S. hospitals over a 10-year period, Cromwell and Kanak (1982) show
that rate-setting prospective payments programs negatively correlate with the adoption
and diffusion of innovation in different settings (e.g., intensive care, open-heart surgery,
social work, physical therapy, and electroencephalogram). However, the authors suggest
that the effect is significant for prospective payments that are mandatory and with a
broad payer scope. Looking at the same setting and exploiting variation of prospective
payment policies across U.S. states, Romeo, Wagner, and Lee (1984) found that the effect
on adoption and diffusion of innovation of prospective payment policies depended on the
innovation and incentive structure inherent to each policy. Castle (2001) found that
prospective financing was negatively related with the likelihood of early adoption of
innovation in 162 U.S. nursing homes.

Healthcare financing is particularly important if it affects out-of-pocket costs for patients
and expected reimbursement of physicians (Busato et al., 2011). Long (2002) and Gillick
(2009) have both emphasized the importance of patients’ health insurance arrangements
in determining physician behavior in their theoretical models. A number of empirical
studies investigate the impact of financing arrangements by comparing practice patterns
for patients with private or private supplementary insurance, with patients that mainly
rely on publicly provided funding (Pilpel, Fraser, Kosecoff, Weitzman, & Brook, 1992;
Laouri et al., 1997; Shorten & Shorten, 2000; Busato et al., 2011). The studies reviewed
here focus on patients that are treated in the same hospitals, in order to isolate the
impact of financing arrangements from ownership status of hospitals. Shorten and
Shorten (2000) analyzed 2028 women who underwent vaginal delivery during a 12-month
study period in a large public hospital in South Wales, Australia. Of those, 723 were
privately insured but chose treatment in a public hospital. Privately insured women are
twice as likely to experience episiotomy as publicly admitted women, even after
controlling for clinical and other factors. There is no evidence that privately insured
women have better outcomes overall; in fact, they are more likely to experience third-
degree tears. The authors did not investigate the underlying reasons for different practice
patterns but speculated that insurance type affects the mix of obstetricians and midwives
involved during labor and birth, with private patients receiving a relatively greater input
from obstetricians. This in turn may impact on the type of treatment received, because
obstetricians and midwifes have different clinical background, education, and
experiences. Shorten and Shorten (2000) does not mention whether obstetricians have
any financial advantages in treating private patients.

Griggs et al. (2009) investigated how patients’ insurance coverage may play a role in the
financial incentives driving physician behavior in the USA. They studied 1051 women
diagnosed with ductal carcinoma in situ between 1985 and 2000 with data from 2 tumor
registries. After controlling for clinical, pathological, treatment, and demographic
characteristics, they found a significantly increased rate of lymph-node dissection for
patients with more comprehensive insurance coverage. For Switzerland, Busato et al.
(2011) found a higher rate of orthopedic surgery in patients with supplementary private
health insurance in comparison to patients without insurance. They speculate that the
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additional payment that physicians and hospitals receive for treatment of patients with
supplementary cover may explain these results. These results could be due to sample
selection; patients are more likely to take out private insurance if they have a greater
medical need and a greater likelihood to require surgical treatment. However, the
evidence points to the contrary: private health insurance is more likely to be purchased
by individuals with, on average, “higher education, better self-perceived health status,
fewer work related musculoskeletal problems, a healthier lifestyle and usually high health
insurance deductibles” (Busato et al., 2011), all of which are characteristics likely to
result in lower medical need.

Riley et al. (2008) have compared diagnosis and treatment patterns for several cancers in
Medicare managed care and fee-for-service sectors. The authors found significant
variation among plans and highlight the plan-benefit structure as one potential
determinant of their findings. However, also in this contribution, their findings could be
due to sample selection.

System-level factors beyond the healthcare system may impact on practice variations for
certain procedures. Wasiak, Pransky, and Yao (2006) demonstrate that variations in
surgical treatment of work-related carpal-tunnel syndrome are significantly associated
with different United States workers’ compensation jurisdictions, and associated levels of
compensation.

Another system-level factor that can affect decision-making—including the adoption of
innovation—is competition. As postulated by economic theory, competitive firms will have
a stronger incentive to adopt innovation as the benefit from doing so—greater market
power—is greater in competitive than non-competitive markets (Arrow, 1962; Fudenberg
& Tirole, 1985). In healthcare this effect can arise from competition among both hospitals
and physicians. The first is more relevant in public health systems like the NHS, whereas
in private health systems such as that of the United States, and in social health insurance
systems such as that found in Germany, both hospital- and individual-led competition are
prevalent. For instance, Propper and Soderlund (1998) found that price competition
between NHS hospitals in the internal market in the 1990s had some effect on prices and
costs. Yet, Propper, Burgess, and Gossage, (2008) also show that while some quality
measures, such as waiting times fell, others, such as mortality rose, which indicates that
price competition may compromise service quality unless safeguards are in place. While
there is little research on the effect of competition among physicians on the adoption and
diffusion of innovation, competition in other care settings has been found to play a role in
decision-making. Healthcare providers (hospitals, clinics, clinical practices, and nursing
homes) located in more competitive markets have been found to be more likely to adopt
innovation, speeding up the process of its diffusion (Escarce, Bloom, Hillman, Shea, &
Schwartz, 1995; Hamilton & McManus, 2005; Callaway & Ghosal, 2012; Sethi, Henry,
Hevelone, Lipsitz, Belkin, & Nguyen, 2013). Hamilton and McManus (2005) analyzed how
competition between fertility clinics in the United States affected the diffusion of a new
technology for infertility treatment. The authors showed that an increase in competition
was associated with a 19% increase of the likelihood of a clinic adopting the fertility
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innovation. Competition has also been found to increase the likelihood or early adoption
of innovation in nursing homes (Castle, 2001).

Geographic differences in clinical practice and adoption of innovation can also be related
to regional differences in the way healthcare provision is organized, even within the same
country. For example, Bhargavan et al. (2010) study the frequency of use of imaging tests
in the diagnosis of pulmonary embolism in the fee-for-service population in the United
States and find that utilization is particularly low in California compared to other states.
The Kaiser-Permanente health maintenance organization plays a particularly prominent
role in healthcare in California, and the authors speculate that the parsimonious care
patterns of Kaiser-Permanente spill over into the general practice patterns in the region.
But even without organizational influences of this nature, there may naturally exist a
faster diffusion of practice style or information among physicians practicing in proximity
to each other. Strategies that adjust the organizational structure of medical practice can
indeed help to reduce variation. For instance, implementing gatekeeping systems and
financial incentives that encourage better coordination of primary care may slow growth
in costs and improve care (Busato, Matter, Kunzi, & Goodman, 2012).

Lastly, other important factors impacting on physician behavior include drug companies
and device manufacturers, evidence and guidelines, and regulation related to malpractice
policies (Cabana et al., 1999; Gillick, 2009; Sherer & Coogan, 2015; Frakes, 2013). Frakes
(2013) assesses the impact of evidence-based national malpractice standards on practice
variation for several procedures and showed that national standards led to a reduction of
between 30% and 50% in the gap between state-utilization rates and the respective
national mean. However, the impact of evidence will differ according to provider
characteristics such as ownership and incentives (Howard et al., 2017).

Discussions and Conclusions

Variation in innovation adoption and medical practice occurs at multiple levels, from
patients, through physicians and their formal and informal networks, to provider and
health system level. The phenomenon suggests uneven diffusion of new technologies and
procedures, with potential manifestation of inefficiency and inequity in medical resources
access and utilization. As this literature review shows, there are a myriad of factors
involved in medical practice variation and in the adoption and diffusion of innovation.
Traditionally, the literature has focused on patient and provider characteristics as main
determinants of practice variation. Patients living in different geographic areas, patients
consulting different doctors in the same area, or even patients of the same doctor but
with differing socio-demographic characteristics or insured under different schemes may
experience differential health service in terms of type and volume. Many studies of
practice variation use aggregate provider-level data, and therefore necessarily focus on
the many provider-level factors that are sources of practice variations. Studies have
found that these include organizational characteristics, location, rurality, size, availability
of treatment and diagnostic tools, and skill mix of medical staff.
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More recent empirical evidence indicates that physicians’ characteristics—such as
socioeconomic profile, training, and work-related characteristics—and the environmental
constraints shaping their behavior are equally influential components of practice
variation. Among these, physician-related socio-psychological and behavioral factors
underpinning practice variation (e.g., attitudes toward risk and innovation adoption)
remain under-researched and deserve consideration. Such characteristics of physicians
are termed “practice style,” and although considered a major source of practice variation,
have proven difficult to investigate empirically.

Formal and informal networks between physicians may play an important role in
innovation adoption; brokers link otherwise unconnected physicians and may be an
important influencing role because they either resist or foster adoption.

Lastly, features of healthcare systems—for example, public coverage of healthcare
expenditure, cost-based reimbursement, and service-delivery organization—are generally
associated with higher utilization rates and adoption of innovation.

Overall, due to data and methodological limitations, there is little evidence on the causal
impact of each these factors and on their relative importance in explaining adoption and
diffusion patterns of innovation. Further, even though it is now widely established that
variation accruing on aspects beyond patients’ clinical characteristics can lead to
inefficiency and inequity, little has been suggested on implementable instruments that are
effective in identifying and measuring unwarranted variation in clinical practice and
innovation diffusion.

Of course, higher rates of innovation adoption might not necessarily result in better
outcomes. Ultimately the impact on outcomes will depend on the benefits associated with
specific innovations. Given the generalized political agenda of cost containment, high
rates of utilization of expensive innovations are more likely to be frowned upon than
lower rates of utilization. Hence, a question that has been repeatedly investigated is: “are
high rates too high?” (Volinn, Diehr, Ciol, & Loeser, 1994). As discussed here, most
researchers agree that the appropriateness of practice should not be determined by the
rate of practice (Chassin et al., 1987; Casparie, 1996; Fisher et al., 2003), and several
studies have found that higher rates of utilization result in no apparent benefit regarding
patient outcomes (Shorten and Shorten, 2000; Baicker et al., 2006; Song et al., 2010).

Assuming equal access for all patients as equity principle, the “right rate” for a particular
procedure should be set in accordance with the “need” for it, as measured by the
proportion of patients who are eligible for the procedure. To establish eligibility, one must
first define the diagnostic criterion qualifying an individual as a recipient of the
procedure in question. In the absence of reliable evidence and appropriate indicators that
measure the value of an innovation, to judge “appropriateness” of a certain procedure
rate simply by comparing it to other rates is, as Chassin et al. (1986) point out, “both
uninformed and dangerous. It is uninformed because at present we have no clinical data
that would allow us to judge the difference in appropriateness of the use of any particular
procedure between high-use and low-use areas. It is dangerous because such an
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assumption will surely result in policies that restrict access to care. Thus, if the
assumption is wrong, patients will suffer.” Therefore, as a way forward, health systems
ought to invest in new processes to assess and monitor unwarranted variation.

The measurement of welfare losses due to unwarranted variation can be instrumental for
the implementation and acceptability of such processes. Even though it has been
established theoretically that variation in medical care results in welfare loss (Phelps &
Parente, 1990; Phelps, 1995), we are still far from having a clear understanding of the
welfare implications of unwarranted variation. To quantify the extent of welfare loss, one
must consider the implications of variation in terms of content and quality of care. One
questionable proposition from the early literature on practice variation, as Folland and
Stano have noted, is that “variation across areas reflects inappropriate use” (1990). If all
variation in practice patterns were inappropriate, then it should hold that levels of
intensity are either positively associated (in areas of underuse), or negatively associated
(in areas of overuse) with procedure rate, rather than remaining consistent through all
rates of intensity. Chassin et al.’s (1987) study assumes similar levels of
“appropriateness” of the same procedure across different sites (geographic areas of high,
low, and average use of these procedures), therefore implying that attributes of variation
must be divided into those that are justified and those that are not. Wennberg was first in
terming the “inappropriate aspects” of variation in a contextual format, namely
“unwarranted variation” i.e., “those that cannot be explained by type or severity of illness
or by patient preferences” (Wennberg, 2002). Wennberg’s approach of distinguishing
between warranted and unwarranted variations, though widely accepted, fails to address
the lack of scientific basis in designating each service a matching category, hence the
question of whether higher rates in a procedure imply beneficial utilization or improper
overuse remains, more often than not, unanswered. The same issue lodges in many other
studies that have demonstrated the existence of variation in treatment by measuring it
with compliance to clinical guidelines or trial evidence, which unfortunately, are all
subject to errors of their own. Uncertainty in clinical practice (Eddy, 1984)
notwithstanding the choice of methods employed to assess the appropriateness of
diagnostic and therapeutic procedures may well influence the result of assessment
(Casparie, 1996). Identification of a golden standard must be guaranteed before the
“inappropriateness” of variation in a specific procedure can be established, and
appropriateness ought to account for “patient preferences” with respect to treatment
options. There are numerous ways in which patient preferences can be elicited, and yet
health researchers are still far from reaching a uniform decision as to which technique is
most valid. Once appropriateness of diffusion levels is identified, health systems should
invest in the policy amenable factors that foster its diffused use in the targeted
populations.

The standard indications (e.g., degree of functional limitation) are usually constructed
based on observed outcomes of clinical trials or expert panel consensus (Casparie, 1996).
However, expert panel judgments are largely associated with the personal experience of
panel members, hence, the resulting guidelines depend upon members’ understanding of
all existing clinical evidence, but more importantly, on their own experience in embedding
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innovations into practice. Second, and more importantly, the clinical understanding of the
precise indications for a procedure is affected by the level of uncertainty inherent to our
limited understanding of the functioning mechanisms of the human body. This level of
uncertainty leaves space for subjectivity in the assessment of the benefits and risks of
embedding an innovation into medical practice, which can potentially lead to inadequate
levels of innovation diffusion into health systems. These high levels of discretion in
decision-making make it difficult to diffuse innovation in areas where it would present
significant benefits to the population. It is therefore imperative to understand the
determinants of decision-making in those areas where there exists a high level of
discretion with regards to medical practice.

Although research shows that some strategies aimed at reducing variation in medical
decision-making, (e.g., use decision aids, benchmarking, clinical-practice guidelines) are
bearing fruit (Marciniak et al., 1998; Guadagnoli et al., 2001; Lurie et al., 2009; Gauld et
al., 2011), there are still pervasive unwarranted differences in healthcare delivery.
Evidence-based understanding of the barriers to innovation adoption, which can lead to
persistent practice variation, inefficiency, is critical to develop effective interventions
seeking to encourage the uptake and diffusion of new medical technologies and
procedures.

In conclusion, the research focus on the drivers of practice variation has shifted from
disease and need prevalence to the role physician practice style and environmental
constraints play on physician behavior. Yet, despite 75 years of research and growing
awareness of this issue among clinicians and policymakers, given the myriad of possible
influencing factors, much more research is needed before we can reach a clear and
comprehensive understanding of the determinants of variation in medical decision-
making, and in turn the strategies to effectively address the resultant healthcare
disparity. Future efforts should focus on developing evidence-based guidelines to reduce
clinical uncertainty, identifying the exogenous factors causing medical variation and
devising strategies to modify these factors.
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