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Diagnostic Certainty as a Source of
Medical Practice Variation in Coronary Heart

Disease: Results from a Cross-National
Experiment of Clinical Decision Making

Karen E. Lutfey, PhD, Carol L. Link, PhD, Lisa D. Marceau, MPH,
Richard W. Grant, MD, MPH, Ann Adams, PhD, Sara Arber, PhD, Johannes Siegrist, PhD,

Markus Bönte, MA, Olaf von dem Knesebeck, PhD, John B. McKinlay, PhD

The authors examined physician diagnostic certainty as
one reason for cross-national medical practice variation.
Data are from a factorial experiment conducted in the
United States, the United Kingdom, and Germany, estimat-
ing 384 generalist physicians’ diagnostic and treatment
decisions for videotaped vignettes of actor patients depict-
ing a presentation consistent with coronary heart disease
(CHD). Despite identical vignette presentations, the authors
observed significant differences across health care systems,
with US physicians being the most certain and German

physicians the least certain (P < 0.0001). Physicians were
least certain of a CHD diagnoses when patients were youn-
ger and female (P < 0.0086), and there was additional varia-
tion by health care system (as represented by country)
depending on patient age (P < 0.0100) and race (P <
0.0021). Certainty was positively correlated with several
clinical actions, including test ordering, prescriptions,
referrals to specialists, and time to follow-up. Key words:
clinical decision making; medical practice variation; health
disparities. (Med Decis Making 2009;29:606–618)

Variations in the provision of health care and
associated health disparities are a topic of long-

standing concern for policy makers, clinical provi-
ders, and health researchers alike. Although
differences in clinical decision making (CDM) have
been observed for many conditions,1 coronary heart
disease has received particular attention and has
been shown repeatedly to result in differential

diagnostic and treatment decisions by physicians.2,3

Differences have been observed in the use of coro-
nary revascularization services,4 hospitalization for
hypertension,5 history taking,6 and gender differ-
ences in attributions of cardiac-related symptoms.7

These variations in medical practice occur as
a function of patient characteristics such as race,4,5

age,5,7,8 socioeconomic status,9–11 gender,12–14 and
comorbidity status,15 as well as provider and system
attributes such as gender,16 attitudes toward aging,17

perceptions of pressure from patients,18 and practice
culture.19 Studies of the United States, including
especially the RAND Health Services Utilization
Study20 and the Dartmouth Atlas of Health Care21,22

project, have consistently documented geographic
variations in health care and have worked over the
past 2 decades to understand why it occurs. Similar
differences have been observed cross-nationally
among the United States, France, and England23;
between the United States and Canada24 and the
United States and United Kingdom25; among East-
ern European countries26; and in the SYMPHONY
trial, a study of 37 countries.27
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How physicians process complex and varied
sources of information has been a topic of interest
for decades. Classic studies underscore the impor-
tance of threshold models for conceptualizing the
triggers that prompt physicians to do further testing
and, if warranted, provide treatment.28,29 More
recently, related literature in social psychology and
economics examines how physicians’ cognitive
processing–particularly prejudice, stereotyping, dis-
crimination, and uncertainty–may bias their assess-
ments of patients and decisions about their
treatment.30–32 Low health literacy also contributes
to difficulties in chronic illness management, and
such challenges to doctor-patient communication
may exacerbate physician uncertainty.33,34 This lit-
erature, which is quite focused on providing micro-
level explanations for observed variation, is often
not equipped to also provide information about
cross-national differences.

We build on these 2 literatures by examining how
physicians’ diagnostic certainty functions in clinical
decision making for coronary heart disease (CHD).
Using cross-national experiment data, we are able to
simultaneously 1) address the role of diagnostic cer-
tainty in observed variations and 2) estimate relative
contributions of patient, provider, and health care
system influences on clinical decision making.

From a Bayesian decision theory perspective,
these variations in clinical decision making should
be determined in part by the prevalence of the rele-
vant condition in the larger population. In cross-
national studies, for example, women have slightly
higher prevalence of angina relative to men (despite
higher mortality rates among men), a difference that
should influence individual clinical decisions.35–37

Research on the socially constructed aspects of
health statistics, however, suggests that biases in
clinical decision making and medical treatment con-
tribute independently to differences in some types
of health statistics.38 Additional work has shown
women have poorer outcomes after acute myocar-
dial infarction39 and in cardiovascular and diabetes
care,13,14 both after adjusting for covariates. From
this perspective, differences in rates may not only
reflect epidemiologic differences in underlying dis-
ease but also cumulative interactions between
patients and physicians.

Using data from a video vignette experiment, we
examine the magnitude and sources of variation in
CDM for identical presentations of CHD in 3
different health care systems: 1) the free market medi-
cal system in the United States, 2) the government-
based National Health Service of the United

Kingdom,40 and 3) the nonprofit insurer-based sys-
tem used in Germany.41 This work expands existing
social psychological research on CDM to include
cross-national comparisons, as well as providing spe-
cific evidence for how uncertainty operates in CDM.
Building on earlier work showing physicians in dif-
ferent countries had comparable rates of correct
diagnoses, we find that diagnostic certainty has inde-
pendent and unique effects on clinical decision mak-
ing.25 We address the following research questions:
1) How certain were physicians of their diagnoses of
CHD, and how did that vary by health care system? 2)
Which types of physicians were the most certain? 3)
Which types of patients elicited the highest certainty
levels among physicians? 4) How did these patient
and provider effects vary across 3 countries? 5) How
was diagnostic certainty associated with subsequent
patient management, such as information seeking,
test ordering, prescribing, lifestyle recommendations,
and referrals/follow-up?

DATA AND METHODS

We conducted a factorial experiment to simulta-
neously measure the effects of 1) patient attributes
(age, gender, race, and socioeconomic status), 2)
physician characteristics (gender and years of clini-
cal experience), and 3) separate health care systems
(the United States, United Kingdom, or Germany)
on physician diagnostic certainty and subsequent
medical decision making when providers are pre-
sented with identical signs and symptoms indica-
tive of CHD. Experiments were conducted in the
United States (Massachusetts), United Kingdom
(the West Midlands, Southeast London, and Sur-
rey), and Germany (Northern Rhine/Westfalia
region).42 A full factorial of combinations of patient
age (55 years v. 75 years), gender, race (white v.
black in the United States, white v. Afro-Caribbean
in the United Kingdom, and white only in Ger-
many), and socioeconomic status (SES; lower v.
higher social class, depicted by occupation as
a cleaner/janitor v. a teacher) was used for the
videotaped vignette scenarios (24 =16 unique vign-
ettes). The decision to omit the race factor from the
German experiment was based on discussions with
our German colleagues, who advised us that the
physicians in our sampling area saw few black
patients in their everyday practices. Audios for the
vignettes were dubbed into German and backtrans-
lated to ensure accuracy. One of the 16 combina-
tions was shown to each physician.
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CHD was selected for the vignettes because 1) it is
among the most common and costly problems pre-
sented by older patients to primary care providers43;
2) it represents a clinically well-defined medical con-
dition; 3) it admits a range of diagnostic, therapeutic,
and lifestyle actions; and 4) its reported prevalence
differs among the United States, United Kingdom,
and Germany. Scripts for the vignettes were devel-
oped from several tape-recorded role-playing ses-
sions with experienced clinical advisers, and
professional actors were trained (under experienced
physician supervision) to realistically portray
a patient presenting with the signs/symptoms of dis-
ease to a primary care provider. Patients in the
vignette presented with signs and symptoms that
were consistent with CHD, including chest pain
worsening with exertion, pain in the back between
the shoulder blades, stress, and elevated blood pres-
sure. All patients included a nonverbal ‘‘Levine’s
fist,’’ a well-known gesture indicative of cardiac
pain. Because CHD is a spectrum condition, and live
patients do not typically present as clear-cut textbook
cases of specific conditions, the vignette also built in
several red herring symptoms potentially indicative
of a gastrointestinal diagnosis. To this end, the
patient also complained of indigestion, feeling worse
after a large or spicy meal, having pain similar to
heartburn but unresponsive to antacids, and feeling
full and ‘‘gassy.’’ This was done not to specifically
make the physicians’ diagnostic task more difficult
but to more accurately represent how actual patients
present, based on advice from our clinical advisers.
The vignette also incorporated references to the
patient’s mood, including the spouse’s report that
the patient has been difficult to be around and the
patient’s self-report of feeling irritated and having
decreased energy (see the appendix for an illustrative
excerpt from the vignette).

After viewing the videotaped vignette, physicians
were asked, ‘‘What do you think is going on with this
patient?’’ and for each possibility, they were asked for
their level of certainty on a scale of 0 to 100 (where
0=no certainty and 100= complete certainty). Physi-
cians were asked through an open-ended question from
the interviewer to list their full set of differential diag-
noses, and if CHD was present anywhere on that list,
they were counted as having considered the condition,
and the accompanying certainty level was included in
the present analysis. Physicians were also asked how
they would manage the patient in terms of asking for
additional information, performing physical examina-
tions, ordering tests, prescribing medications, giving
lifestyle advice, and referring to other physicians.

On the basis of the theoretical approach outlined
above and our concerns about the social construction
of epidemiologic base rates, we do not appeal to popu-
lation rates of disease to ascertain the ‘‘correctness’’ of
a given diagnosis. Rather, we assume that although
a physician’s diagnostic priors (among many other
sources of learning) may inform decision making,
patient-specific clinical information should be used
above and beyond those preexisting base rates. There-
fore, the vignette for this study was purposely
designed to present a set of signs and symptoms suffi-
cient to trigger a CHD diagnosis, regardless of the epi-
demiologic prevalence in any subgroup of the
population. In this sense, the vignette provides suffi-
cient information to suspect the condition, regardless
of the social characteristics of the patient.

The study used a probability sample of physi-
cians selected from within each of 4 strata within
each country. To be eligible for selection, physicians
had to 1) be internists or family practitioners in the
United States and in Germany or general practi-
tioners in the United Kingdom (to most accurately
capture the types of nonspecialist physicians most
likely to treat undiagnosed cases of CHD in each
country), 2) be trained at an accredited medical
school in the country in which they practiced (no
international medical graduates were included), and
3) be currently in clinical practice more than half-
time. Within each country, physicians were strati-
fied into 4 equal cells by gender and level of experi-
ence, with ‘‘less’’ experience defined as those with
≤ 12 years since graduation from medical school in
the United States or United Kingdom (≤ 7 years
since licensure in Germany) and those with ‘‘more’’
experience having ≥ 22 years since graduation from
medical school in the United States or United King-
dom ( ≥ 17 years since licensure in Germany).
These cutoff dates were chosen to act as a proxy for
clinical experience (which has been shown to affect
clinical decision making, as discussed above), to
standardize as much as possible the amounts of clin-
ical experience across countries, and to create a clear
separation between the strata. Twelve strata of phy-
sician characteristics (gender, years of clinical expe-
rience [< 12 or > 22 years], and health care system
[United States/United Kingdom/Germany]) were
defined, with 32 physicians included in each stra-
tum from each country. This configuration gener-
ated a total of 384 physicians required to complete
the design and the experiment (16 vignettes× 12
physician strata× 2 replications=384; Table 1).

Screening telephone calls were conducted to
identify eligible participants, and an hour-long
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appointment was scheduled for the interviewer to
come to the physician’s place of work to show the
vignette and administer related questions. The inter-
views were conducted in 2001–2002 (128 through-
out Massachusetts, 64 from The Midlands, and 64
throughout Surrey and Southeast London, England)
and in 2005–2006 in Germany; every effort was
made to select only one physician from each prac-
tice. Each physician participant was provided
a modest stipend to partially offset lost revenue
($100 [United States], £50 [United Kingdom], €100
[Germany]) and to acknowledge his or her participa-
tion. Quality control interviews and site visits were
conducted, and selected tape-recorded interviews
were reviewed by supervisors on a regular basis.

Analysis of variance was used to test the main
effects and 2-way interactions of the design vari-
ables (patient gender, race, age, SES, and physician
gender and level of experience) on the diagnostic
certainty (0–100, with 0 for not at all certain and
100 for completely certain). If the physician did not
make a CHD diagnosis, his or her certainty for these
diagnoses was set to 0. To determine the effect of cer-
tainty on clinical decision making, we used logistic
regression for dichotomous variables (e.g., whether or
not an electrocardiogram [EKG] was ordered), and
analysis of covariance was used for continuous vari-
ables (e.g., number of days to next appointment).
Each model included as explanatory variables the
design variables, certainty, and the interaction of the
design variables and certainty. Using backward eli-
mination, nonsignificant effects (at the 0.05 level)
other than certainty were removed from the model,
leaving a parsimonious model. Because of the chal-
lenges of multiple testing, we emphasize consistency
across results and focus on identifying general pat-
terns of physician certainty and treatment decisions.

Furthermore, the results we observe at the P < 0.01
level are unlikely to change. To facilitate interpreta-
tion, we present actual P values, unadjusted for mul-
tiple testing. To further facilitate interpretation of
results, we indicate in Tables 2 to 4 the number of
expected and observed significant results.

RESULTS

1. How Certain Were Physicians and How Did That
Vary by Practice Setting (Country)?

Across all 3 countries, the vast majority of physi-
cians correctly considered CHD (74.2% in Germany,
88.3% in the United Kingdom, 95.3% in the United
States, and 85.9% overall, P < 0.0001), yet there
were also significant differences in how many physi-
cians failed to consider CHD in each health care sys-
tem, with a 21.1% difference in rates between
Germany and the United States.

Physicians’ certainty levels for CHD diagnosis
varied from 0 to 100, with an average of 52.1 (see
Figure 1). Again, there was significant variation
across countries, with the US physicians having the
highest average certainty (57.9), followed by the
United Kingdom (46.4) and Germany (38.9; P <
0.0001; Table 2). Using Tukey’s method of multiple
comparisons, we found that the level of certainty in
the United States was significantly higher than that
in either the United Kingdom or Germany, whereas
the certainty levels were statistically comparable in
the United Kingdom and Germany.

2. Which Physicians Were the Most Certain?

We next examined whether physician characteris-
tics (gender and years of experience) were associated

Table 1 Physician Enrollment in Study

United States (n= 128)
United Kingdom (n= 64 from The Midlands;

n=64 from Surrey/Southeast London) Germany (n=128)

Level of Experience

Less More Less More Less More Total

Male 32 32 32 32 32 32 192
Female 32 32 32 32 32 32 192
Total 64 64 64 64 64 64 384
Response rate, % 64.9 59.6 65.0

‘‘Less’’ experience is defined as those with ≤ 12 years since graduation from medical school in the United States or United Kingdom (≤ 7 years since
licensure in Germany). ‘‘More’’ experience is defined as having ≥ 22 years since graduation from medical school in the United States or United King-
dom (≥17 years since licensure in Germany).
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Table 2 Analysis of Variance Results for Certainty Regarding Coronary Heart Disease: Main Effects and
Significant (P < 0.05) 2-Way Interactions

Experimental Factor
Mean

Certainty P Value

Patient gender 0.0058
Male 51.8

Female 43.7
Patient age, y 0.0003

55 42.4
75 53.1

Patient race (United
Kingdom/United States only)

0.4024

Black 50.7
White 53.6

Patient socioeconomic status 0.1998
Lower 45.9
Upper 49.6

Physician gender 0.7221
Male 48.3

Female 47.2
Physician experience 0.1575

Less 45.7
More 49.8

Practice setting (country)
Germany 38.9 < 0.0001

United Kingdom 46.4
United States 57.9

Patient Gender×Patient Age 0.0086
Male 55 50.3

75 53.3
Female 55 34.5

75 52.9
Patient Race×Practice Setting (Country)

(United Kingdom/United States only for P value) 0.0021
Germany White 38.9

United Kingdom Black 50.3
United Kingdom White 42.5

United States Black 51.2
United States White 64.7

Patient Race×Level of Experience
(United Kingdom/United States only)

0.0500

Black Less 44.5
Black More 56.9
White Less 54.1
White More 53.0

Patient Age×Practice Setting (Country) 0.0100
55 Germany 27.6
55 United Kingdom 42.2
55 United States 57.3
75 Germany 50.3
75 United Kingdom 50.5
75 United States 58.5

Expected significant 1.4
Observed significant 7
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with certainty, independent of the health care system
in which providers practiced (Table 2). Although
there were no significant main effects for physician
characteristics, we did observe an interaction between
patient race and physician level of experience (Figure
2a). With white patients, physicians had comparable
certainty levels (54.1 v. 53.0, less and more experi-
enced, respectively). With black patients, however,
more experienced physicians had increased certainty
(56.9), whereas those with less experience were less
certain (44.5).

3. With Which Patients Were Physicians
Most Certain?

Independent of health care system differences,
physician certainty varied significantly according to
the gender of the patient, with physicians reporting
higher average certainty levels with male v. female
patients (51.8 v. 43.7, P=0.0058) and by age, with
higher certainty for older patients (53.1 v. 42.4,
P=0.0003). We also observed an interaction
between patient age and gender, such that physi-
cians were much less certain in making a CHD diag-
nosis for younger women (34.5) with otherwise
identical symptom presentation (P=0.0086; Figure
2b). There were no main effects of patient race or
SES on certainty (Table 2).

4. How Did Patient and Provider Effects
Vary Across Countries?

In addition to the main effect differences between
countries, we also observed variation between coun-
tries according to characteristics of the presenting
patient (Table 2). First, we observed an interaction

between patient age and health care system, with US
physicians having comparable diagnostic certainty for
younger (55-year-old) and older (77-year-old) patients
(57.3 v. 58.5), German physicians having the greatest
difference in certainty for the 2 types of patients (27.6
v. 50.3), and UK physicians falling in between (42.2 v.
50.5; P=0.0100; Figure 2c). Second, there was an
interaction between health care system and patient
race. Although physicians in the United States and
United Kingdom had similar certainty levels for black
patients (51.2 v. 50.3), their certainty levels diverged
when the patient was white, with US physicians hav-
ing increased certainty and UK physicians being less
certain (42.5 v. 64.7, P= 0.0015; Figure 2d).

5. What Was the Effect of Certainty on
Clinical Decision Making?

In turn, physicians’ diagnostic certainty for CHD
significantly influenced their subsequent diagnostic
and therapeutic clinical actions (Tables 3 and 4).
Logistic regression results showed that for each 10-
point increase in certainty for a CHD diagnosis, phy-
sicians were less likely to ask questions about the
patient’s psychological state (odds ratio [OR]= 0.91,
P=0.0163) or social environment (OR= 0.88,
P=0.0062), but they were more likely to ask about
other general information (OR=1.10, P= 0.0232;
Table 4). We also observed an interaction of patient
SES and certainty on the odds of asking questions
about smoking. As the certainty of the CHD diagno-
sis increased, physicians were more likely to ask
lower SES patients about smoking (OR= 1.14,
P=0.0065), but certainty had no effect on the likeli-
hood of physicians asking upper SES patients about
smoking.

Table 3 Effect of Certainty Regarding Coronary Heart Disease (CHD) on Clinical Decision Making: Continu-
ous Variables (Change per 10-Point Increase in Certainty)

Variable

Change per 10-Point
Increase in Certainty 95% Confidence Interval P

Number of questions –0.04 –0.15, 0.07 0.4178
Number of examinations 0.06 –0.02, 0.14 0.1137
Number of tests for CHD
Germany 0.02 –0.06, 0.10 0.5815
United Kingdom 0.56 0.48, 0.64 < 0.0001
United States 0.39 0.31, 0.47 < 0.0001
Time to next appointment (days) –0.44 –0.68, –0.20 0.0003
Number of pieces of lifestyle advice –0.02 –0.07, 0.03 0.5360
Expected significant 0.25
Observed significant 3
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Certainty was also significant for test ordering
behavior. For example, as certainty of a CHD diagno-
sis increased, physicians from the United States and
United Kingdom were significantly more likely to
order at least one diagnostic test for CHD (P <
0.0001), whereas this relationship did not hold for
German physicians (Table 4). Furthermore, as

certainty increased, UK and US physicians ordered
greater numbers of CHD-related tests (P < 0.0001),
whereas certainty did not significantly affect the
number of CHD-related tests that the German physi-
cians ordered (Table 3). However, increased cer-
tainty was associated with increased likelihood of
physicians from all 3 countries ordering stress tests

Table 4 Effect of Certainty Regarding CHD on Clinical Decision Making: Dichotomous Variables (Odds
Ratio per 10-Point Increase in Certainty)

Variable

Odds Ratio per 10-Point
Increase in Certainty

95% Confidence
Interval P

Information seeking
Four or more questions 1.00 0.92, 1.08 0.9332
Questions about

Pathology 0.96 0.89, 1.03 0.2704
Medical history 1.06 0.98, 1.14 0.1675
Pain 1.03 0.96, 1.11 0.4437
Smoking

Lower SES patient 1.14 1.04, 1.25 0.0065
Upper SES patient 1.00 0.91, 1.09 0.9417

Alcohol 0.96 0.87, 1.05 0.3215
Psychological state 0.91 0.84, 0.98 0.0163
Social questions 0.88 0.81, 0.96 0.0062
General questions 1.10 1.01, 1.19 0.0232

Physical examination
Complete physical 0.99 0.90, 1.09 0.8828

Test ordering
Order tests for CHD

Germany 1.06 0.97, 1.17 0.1714
United Kingdom 1.86 1.53, 2.24 < 0.0001
United States 1.91 1.56, 2.33 < 0.0001

Stress test 1.34 1.22, 1.47 < 0.0001
EKG

Germany 1.46 1.28, 1.66 < 0.0001
United Kingdom 1.31 1.18, 1.45 < 0.0001
United States 1.95 1.61, 2.36 < 0.0001

Prescription writing
CHD appropriate prescription 1.53 1.38, 1.70 < 0.0001

Referrals
Referral to cardiologist 1.23 1.12, 1.36 < 0.0001
Referral to other medical professional 0.93 0.85, 1.00 0.0641

Advice giving
Advice about:

Diet 0.97 0.91, 1.04 0.4291
Smoking 1.00 0.92, 1.09 0.9896
Alcohol 0.94 0.86, 1.02 0.1446
Relaxation 0.91 0.81, 1.03 0.1434
Exercise 1.07 0.94, 1.22 0.3009
Weight 0.99 0.85, 1.17 0.9424

Expected significant 1.1
Observed significant 12

CHD, coronary heart disease; SES, socioeconomic status; EKG, electrocardiogram.
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and EKG tests (P < 0.0001), and this effect was the
strongest in the United States (OR=1.95, P <
0.0001; Table 4).

Increased certainty was associated with higher
odds of writing a CHD-appropriate prescription
(beta-blockers, calcium channel blockers, aspirin,
and short-acting nitrates; OR= 1.53, P < 0.0001) in
all 3 countries. Higher certainty of a CHD diagnosis
also increased the odds of a physician referring the
patient to a cardiologist (OR=1.23, P < 0.0001).
Finally, increased certainty was significant for pre-
dicting how soon a physician would request to see
the patient again (P=0.0003), with a repeat visit
requested 0.44 days sooner per 10-point increase in
certainty.

DISCUSSION

We observed significant differences between
health care systems, with US physicians having the
highest levels of certainty. As expected, physicians
were least certain of their CHD diagnoses with youn-
ger female patients.12,44 In addition, there was racial
variation depending on the physician’s level of
experience and variation by health care system

depending on patient age and race. Increased cer-
tainty was associated with differences in informa-
tion seeking as well as increased test ordering,
prescriptions, referrals to cardiologists, and shorter
time to follow-up.

Previous studies of medical practice variation
have largely focused on either system-level social
and economic patterns in CDM or on physicians’
individual-level cognitive processing as mechan-
isms that may generate such variation. The factorial
design of our experiment allowed for unconfounded
estimates of the simultaneous effects of patient char-
acteristics, provider attributes, and health care sys-
tems (as represented by country) on physicians’
certainty of CHD diagnoses and their subsequent
clinical actions. With our analytic approach, we
were able to capture physicians at all points on the
certainty spectrum rather than excluding those who
did not list CHD among their differential diagnosis
selections. Although those who did not consider
CHD among their differential diagnosis selections
did not provide an explicit certainty value, we know
their certainty concerning the presence of CHD was
low because they were allowed to list a full set of
diagnoses (we recognize that physicians may have
high certainty that CHD is absent from the vignette,
but this is beyond the scope of the present analysis).
Therefore, if they were treated as missing, they
would not be missing at random. By increasing the
variability, our estimates are rendered more conser-
vative because of a decrease in power.

The sample size of 384 allows us to detect a differ-
ence in certainty of 12 points with 97% power,
assuming a standard deviation of 30 (which, assum-
ing a unimodal beta distribution of 0–1, is the upper
bound of a standard deviation). That is, a true 12-
point difference in certainty between 2 groups will
be detected 97% of the time at a= 0.05. Because the
experiment was replicated, a pure error term with
192 degrees of freedom was used to test all effects
using analysis of variance. because of the omission
of the race factor for the German experiment
(explained above), only the US and UK data are con-
sidered for the effect of patient race on certainty. For
all other analyses, all data were considered.

The main effects related to patient characteristics
(decreased certainty with female and younger
patients) partially corroborate Bayesian perspectives
and studies of uncertainty and statistical discrimi-
nation,31,45 suggesting that when physicians are
uncertain, they are likely to make diagnostic
decisions that are consistent with existing epidemi-
ologic base rates. In this case, prior assumptions

Figure 1 Physicians’ certainty of coronary heart disease (CHD)

diagnoses in 3 countries (P < .0001). Certainty ranges from 0 (com-

plete uncertainty) to 100 (complete certainty). The box and whis-
kers plot can be interpreted as follows: the whiskers extend to

the data minimum and maximum, the bottom of the box is at the

25th percentile, the top of the box is at the 75th percentile, the

middle line is the median, and the+ is at the mean.
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Figure 2 (a) Two–way interaction effect of patient race and physician level of experience on physicians’ diagnostic certainty for coro-

nary heart disease (CHD), 0 to 100 (United States and United Kingdom only; P=0.0500). (b) Two–way interaction effect of patient age
and patient gender on physicians’ diagnostic certainty for CHD, 0 to 100 (P=0.0086). (c) Two–way interaction effect of patient age and

country on physicians’ diagnostic certainty for CHD, 0 to 100 (P= 0.0100). (d) Two–way interaction effect of patient race and country on

physicians’ diagnostic certainty for CHD, 0 to 100 (P=0.0021).
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overwhelm the presenting patient-specific data,
thereby contributing to the reification of some types
of existing health statistics. Most important, these
findings extend previous work by showing that
certainty–not simply identifying a diagnosis but
having diagnostic certainty about that condition–
has an independent effect on clinical actions.46

Therefore, these results suggest that having CHD on
the differential diagnosis list is necessary but not
sufficient for physicians to take appropriate thera-
peutic actions; this result is consistent with the
notion that physicians need to pass certainty thresh-
olds to order more tests or treat a patient.28 By exten-
sion, improving disparities in CHD outcomes is not
just a matter of physicians learning to consider CHD
more appropriately in specific populations (e.g.,
women) but also to be able to do so with sufficient
certainty to trigger appropriate clinical actions to
improve morbidity and mortality outcomes.

However, these perspectives do not fully explain
our results, and the persistence of some between-
health care system differences implies that features
of the broader sociological, cultural, and organiza-
tional environments are also relevant to decision
making. Beyond diagnostic certainty, observed
cross-national variation in CHD diagnosis and treat-
ment may also be a function of differences in a serie-
s of influences that are beyond the scope of the
present analysis or our study more generally. These
include both patients’ and physicians’ cultural
expectations for medical practice and treatment
as well as biological variations in the prevalence of
CHD and related conditions at a population level,
such that physicians in different health care sy-
stems may be differentially equipped to identify
CHD with certainty. For example, previous research
has shown cross-cultural differences in the relation-
ship between symptoms and underlying condi-
tions.47,48 Other possible explanations include
funding mechanisms, expectations for physicians to
achieve diagnostic certainty in a brief period of time,
modes of practice, and access to resources across the
3 countries. For example, economic reimbursement
policies may translate to more pressure on US physi-
cians to achieve a firm diagnosis and management
plan during the initial patient consultation so they
can be paid, whereas in the United Kingdom and
Germany, physicians may tend to make these deci-
sions over a series of consultations close together in
time. Similarly, ready availability of technological
equipment in Massachusetts in conjunction with
a fear of lawsuits for missed diagnoses may lead to
increased testing in the United States relative to

physicians in the United Kingdom or Germany,
whereas increased rates of referral among UK and
German physicians25 may explain lower rates of
testing and prescription treatment relative to the
United States. Increased regulation in the United
Kingdom with pay-for-performance may also con-
tribute to the UK physicians’ higher certainty
relative to their German counterparts, where profes-
sional pressures and regulations are not yet as
explicit as in the United States.49 Most generally,
physician learning is known to be related to the
local context of practice, such that physicians may
either self-select into environments with practice
styles similar to their own or adapt to the local
culture–either type of pattern could exist within the
local contexts that were selected from each country
for this study.

Every study represents a balance between internal
and external validity. We recognize that our
vignette-based approach has some limitations com-
pared to studies of behavior in natural interaction–
the most obvious being that physicians do not
directly interact with the patient in the vignette. For
present purposes, vignettes offer several key advan-
tages over alternative methods: they 1) allow for the
manipulation of several variables at once and the
measurement of unconfounded effects, thereby ‘‘iso-
lating physicians’ decision making from other
factors in the environment’’50; 2) provide a standard-
ization of case mix; 3) allow vignette-based studies
to collect a large amount of information simulta-
neously from a large number of subjects; 4) make
efficient use of time; and 5) are cost-effective (e.g.,
standardized patients would have been prohibi-
tively expensive in this context). In a direct compar-
ison of vignettes, standardized patients, and chart
abstraction, Peabody and colleagues51 validated the
use of vignettes for studying quality of outpatient
care, and studies comparing vignettes with stan-
dardized patients and other methods corroborate the
result that vignettes are ecologically valid for studies
of medical decision making.50,52,53

We took 4 precautionary steps in an attempt to
minimize possible threats to external validity and
compensate for the artificial aspects of the experi-
mental situation (i.e., that physicians may behave
differently with a videotaped patient under experi-
mental conditions compared with real patients in an
everyday clinical setting). First, considerable effort
was devoted to ensuring the clinical authenticity of
the videotaped presentation. Expert clinical consul-
tants were actively involved in all stages of the pro-
cess, from early stages of role-playing and script
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development to final stages of film shooting, where
they oversaw vignette filming to determine face and
content validity. Second, the doctors viewed the
tapes in the context of their practice day (often dur-
ing their lunch periods) to maximize the likelihood
that they encountered real patients before and after
they viewed the patient in the videotape and also so
they were in a physical setting they associated with
decision making. Third, the doctors were specifi-
cally instructed at the outset to view the patient as
one of their own patients and to respond as they
would typically respond in their own practice. In
the United States, 90.6% of the doctors considered
the vignettes to be very or reasonably typical, with
91.4% in the United Kingdom and 81.3% in
Germany.

Our study has limitations that underscore the
need for additional research. First, questions remain
about how physicians cognitively process these cues
from patients. Previous research in cognitive psy-
chology has suggested that physicians often rely on
pattern recognition as well as more analytic types of
processing, such as Bayesian decision making, when
evaluating patient cues.54,55 However, these ques-
tions are beyond the scope of the present study, and
these data do not allow us to specify the exact cogni-
tive and psychological processes physicians use
when interpreting information from the vignettes. A
similar study of US physicians (with the same CHD
vignette) primed physicians to determine whether
the underdiagnosis of CHD in some patient popula-
tions was due to physicians not considering that
diagnosis or considering it and then eliminating it
from their differential diagnosis.56 Also beyond the
scope of this study, but potentially related, is the
question of differences in clinical decision-making
practices between family practitioners and inter-
nists, despite both groups being likely to treat the
type of patient depicted in the vignette.

Although the cross-national component of our
study identified persistent differences between
countries, there remains limited generalizability
from each group of physicians to the entire popula-
tion of physicians in their respective countries. In
terms of statistical and clinical significance, our
results are relatively modest and therefore limited in
their ability to explain the wide range of cross-
national variations that have been identified in
existing literature. However, the possible explana-
tions outlined above build on our current results
and are promising avenues for future inquiry.

In summary, our findings underscore the role of
uncertainty during the clinical decision-making

process in contributing to or amplifying CHD-related
disparities. To the extent that inequalities are gener-
ated from within health care systems, researchers
and policy makers should continue to develop inter-
ventions targeted at the level of the patient-physician
encounter while also considering which broader, sys-
tem-level factors influence individual physician
behaviors. Because diagnostic certainty is so impor-
tant for understanding subsequent clinical actions,
our results also highlight the need for interventions
to not only increase diagnostic accuracy but also
increase certainty to lead to optimal therapeutic
actions.

APPENDIX
Illustrative Excerpt from Vignette Script for CHD

Doctor: So, what brings you here today?
Patient: Actually, I’ve been having a fair amount of

indigestion.
Doctor: Indigestion?
Patient: Yes.
Doctor: Can you describe it?
Patient: Yes, I just sort of get this feeling right here (rubs

chest/stomach area) . . . it’s not really a pain, actually.
It’s just really uncomfortable. It’s usually after a big
meal, if I’ve eaten too much, or if the food’s particularly
spicy, maybe. I sometimes feel kind of sick, too.

Doctor: Spicy foods, mostly, or does this happen after
other foods too?

Patient: Actually, it’s probably more common after a big
meal, and especially if I have to rush to get somewhere
afterwards. I get sort of queasy. It’s really uncomfortable.

Doctor: How long has this been going on?
Patient: About 3 months.
Doctor: Would you say this is something new, or has this

kind of thing happened before?
Patient: No, this is new. Now, sometimes I do get heart-

burn, but that usually goes away with antacids.
Doctor: How is this similar or different from the

heartburn?
Patient: Well, the heartburn’s right here too (massaging

the same spot), but it burns. This other stuff is just, um,
just a bad feeling. It’s hard to describe.

Doctor: Tell me about the last time this happened. Where
were you?

Patient: (pauses, thinking) The last time? We had just gone
out for a meal and were walking to the car, quickly I
remember, it was chilly. And I started to get the feeling.

Doctor: What did you do?
Patient: I stopped. And tried to get a deep breath in.
Doctor: Did that seem to help?
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Patient: Yes, a bit. My [wife/husband] came over and
asked if I was OK. I said, sure, I’m fine and we got into
the car. After a few minutes of driving, the feeling began
to go away.
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