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OBJECTIVE — Researchers have only just begun to investigate physician-related effects on
medical outcomes. Such research is necessary for developing empirically informed practice
guidelines and policy. The primary goal of this study was to investigate whether glucose man-
agement in type 2 diabetes varies by randomly assigned physicians over the course of a year in
treatment. A second goal of the study was to investigate whether physician-related effects vary
across differential patient characteristics. A tertiary goal was to investigate potential patient-level
effects on glucose management.

RESEARCH DESIGN AND METHODS — Hierarchical linear models were used to
investigate A1C among 1,381 patients, nested within 42 randomly assigned primary care phy-
sicians at a Veterans Affairs medical center in the southeastern U.S. The primary outcome
measure was change in A1C over the course of 1 year in treatment. On average, each study
physician had 33 patients with diabetes.

RESULTS — Overall, physician-related factors were associated with statistically significant
but modest variability in A1C change (2%), whereas patient-level factors accounted for the
majority of variation in A1C change (98%). Physician effects varied by patient characteristics,
mattering more for black patients, patients aged 65 years, and patients whose glucose manage-
ment improved over the treatment year.

CONCLUSIONS — The results of this study indicate that differential physician effects have
minimal impact on glycemic control. Results suggest that it is logical to support policies encour-
aging the development of patient-level behavioral interventions because that is the level that
accounts for the majority of variance in glycemic control.
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D iabetes affects �20.8 million peo-
ple in the U.S. or 7% of the popu-
lation (1). Diabetes is associated

with mortality, morbidity, increased
health care utilization, and increased
health care costs (1). Although compre-
hensive treatment can prevent or delay
complications from diabetes (2–5), data

indicate that glycemic control in patient
populations is poor (6) and that diabetes
care in the U.S. is often suboptimal (7).

Both patient and physician factors
play roles in the successful treatment of
diabetes. Recent studies indicate that a
substantial proportion of diabetes man-
agement (e.g., diet, exercise, glucometer

use, and medications) is under the direct
control of patients (8); however, the ma-
jority of medical care and education for
diabetes is provided by primary care phy-
sicians (9,10). Thus, physician factors
may substantially contribute to patient
behavioral change and outcomes. The
health care industry currently spends
substantial resources tracking physician
performance measures to address health
care deficiencies and promote account-
ability (11–13). Consistent with this
agenda, “pay-for-performance” policies
are gaining popularity among insurance
providers to encourage physicians to
meet behavioral targets and avoid errors
(14,15). Although it makes good sense to
track administrative and procedural per-
formance measures and to consider alter-
native ways of providing motivation to
physicians, doing so is expensive and has
not been conclusively shown to improve
outcomes or change physician behavior
(16).

There are few studies that have exam-
ined physician effects in diabetes out-
comes (16). To address this gap in the
literature, the current study used Veterans
Health Administration data and hierar-
chical linear modeling (HLM) to investi-
gate glucose management as measured by
A1C change over the course of 1 year in
treatment. The primary goal of the study
was to measure physician-related effects
on A1C change while controlling for pa-
tient-level factors. A second goal of the
study was to investigate whether physi-
cian-related effects on A1C varied across
patient characteristics (i.e., race, age, and
health status). A tertiary goal of the study
was to provide estimates for patient-level
effects on A1C outcomes.

RESEARCH DESIGN AND
METHODS — We created a cohort of
patients with type 2 diabetes at a Veterans
Affairs medical center in the southeastern
U.S. using multiple patient files and exist-
ing Veterans Health Administration data
sources. Individuals with type 2 diabetes
were identified based on having at least
two ICD-9 codes for diabetes and having
two or more visits each year since their
diagnosis based on a previously validated
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algorithm (17). The cohort included
14,931 patients. For this study, we se-
lected patients from the cohort who had
at least two A1C measurements within 1
year apart and who had a specific desig-
nated primary care provider within the
same period. To ensure reliability of study
estimates, we excluded patients whose
providers had less than five diabetic pa-
tients. The resulting dataset consisted of
1,381 patients nested within 42 physi-
cians. On average, each study physician
had (mean � SD) 33 � 12.99 patients
with diabetes.

Demographics
Patients in the study sample were 98%
male. The mean age � SD of patients in
the sample was 66 � 11 years and the
baseline A1C was 7.52 � 1.97. Race and
ethnicity measures were aggregated to
create three racial/ethnic groups: non-
Hispanic whites (whites, 52%), non-
Hispanic blacks (blacks, 38%), and
Hispanics, Asians, multi-racial, and un-
known (other, 10%).

Demographics by physician
specification
Preliminary HLM analyses were used to
investigate the distributions of patient
characteristics among study physicians to
assure random distribution and identify
potential covariates. There were no statis-
tically significant differences among phy-
sicians in regards to patient sex, minority
status, systolic blood pressure, diastolic
blood pressure, or weight. Statistically
significant, though small, differences
were found in baseline A1C (�1% of the
variance) and percentage of patients aged
65 years (3% of the variance). Thus, both
were identified as covariates in the full
model.

Primary outcome measure
The outcome measure of interest in the
current study was change in A1C from
baseline. A1C measures the average per-
centage of blood glucose over the prior
2–3 months and is considered an index of
how well glucose is being controlled.
Complications from diabetes can be pre-
vented or delayed if A1C levels are kept at
�7% (18). For the current study, A1C
was measured at baseline and again at an
average of 12 months after baseline
(mean � SD 363 � 36 days).

Statistical analyses
HLM was used to address the current re-
search questions because it allows vari-
ance in outcomes to be partitioned

between patients and physicians. This is
possible due to the method of handling of
error. In regular multiple regression mod-
els, prediction error associated with pa-
tient characteristics and prediction error
associated with physician specification
would be combined into one error term.
In contrast, HLM allows each physician to
have a unique intercept (and slope) for
patient effects on outcomes. Thus, error
attributed to patient effects and error at-
tributed to physician effects are in differ-
ent terms (19). Statistical analyses in the
current study were performed using
HLM6 software (20). Veterans Affairs
data are well suited for such an analytic
strategy because patients are randomly as-
signed to available physicians. This limits
confounding factors by naturally encour-
aging (though not guaranteeing) an or-
thogonal relationship between patient
and physician characteristics.

Physician effects
To investigate the role of physician effects
on A1C change over and above patient-
level factors, a hierarchical unconditional
model was used. In HLM, such models
are called unconditional because they do
not include specific predictors. Their
function is to partition variance in out-
comes among level 1 and level 2 unit
specifications (21). An unconditional
model was used to test the null hypothesis
that there was no variation in A1C due to
physician-level factors. To do this, vari-
ance components �2 and � were estimated
for patient-level and physician-level error
terms, respectively. The null hypothesis
could be safely rejected if variance com-
ponent � was significantly different from
zero and significantly improved model fit.
Significance for model fit was based on
comparing pairs of model deviances dis-
tributed asymptotically on a �2 distribu-
tion (20).

Given significant results, uncondi-
tional model effect sizes were estimated
using intraclass correlations (ICCs) con-
sistent with the methods recommended
by Bryk and Raudenbush (21). In a two-
level hierarchical structure, the ICC is de-
fined as the proportion of the total
variance in the outcome variable that is
between the level 2 units, or R2

total (19).
In a hierarchical patient-physician model,
the ICC represents the proportion of vari-
ance accounted for at the physician level.
It therefore follows that the remainder of
the variance can be attributed to factors at
the patient level or to other unspecified
nested factors.

Physician effects by patient
characteristics
To investigate if and how physician effects
varied across patient populations, a sim-
ple effects design was used. Separate un-
conditional models were estimated for
blacks, whites, others, patients aged 65
years, patients aged �65 years, and pa-
tients who improved, stayed the same, or
got worse over the course of the treatment
year. Patient improvement was defined as
a �15% decrease in A1C from baseline
(in the study sample, this averaged to a
1-point overall decrease in A1C). Patient
worsening was defined as a �15% in-
crease in A1C, and patients who stayed
the same were defined as those whose
A1C change was �15% in either
direction.

Patient effects
To investigate the role of available patient
characteristics in diabetes outcomes, a
stepwise random coefficients model was
estimated. The model was constructed by
adding specific patient-level predictors to
the total-sample unconditional model.
Predictors were entered in the following
order: baseline A1C, age, and race/
ethnicity (blacks, whites, or others), with
each race/ethnic distinction dummy
coded and alternately added for effect es-
timation. With the current sample size
(n � 1,381), it is assumed that coefficient
estimates for patient age and race are re-
liable and valid for similar populations;
however, mathematical coupling and re-
gression to the mean pose potential
threats to the precision of the correlation
between baseline A1C and change in A1C
(22). Accordingly, baseline A1C is in-
cluded as a peripheral control rather than
as a definitive measure of the impact of
initial disease on A1C change.

As mentioned, within an HLM frame-
work the ICC or R2

total indicates the
amount of total variance accounted for by
level 1 and level 2 factors, regardless of
what those factors are. By adding specific
predictors to each level, it becomes
possible to estimate R2

within and R2
between.

In the present study, R2
within was

estimated for each level 1 predictor in a
manner consistent with the recommenda-
tions of Snijders and Bosker (22) and de-
noted what portion of the total variance
attributed to patients could be accounted
for by each patient predictor. R2

between
was not estimated because no specific
physician-level factors or characteristics
were entered into the models.

Physician effects in diabetes
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RESULTS

Physician effects
The mean � SD A1C after a year in treat-
ment was 7.21 � 1.68. Table 1 shows the
estimated variance components (�2 �
5.14; � � 0.09) for patient- and physi-
cian-level units in the overall-sample un-
conditional model. The value of � was
significantly different from zero and im-
proved model fit (�2 � 71.77; d.f. � 41;
P � 0.002), indicating the presence of
physician-level effects beyond patient-
level factors. The ICC was 0.02, indicat-
ing that 2% of the overall variance in A1C
change over the study period could be
accounted for by physician-level factors
and 98% could be attributed to patient-
level or unspecified factors. As Table 2
indicates, adding patient covariates of
age, baseline A1C, and nonminority sta-
tus to the unconditional model had no
substantial effect on the ratio of variance
accounted for by physician specification
(�ICC � 0.005). Figure 1 shows the
amount of variance in A1C change ac-
counted for by patient and physician
factors.
Physician effects by race/ethnicity.
The unconditional model for black pa-
tients yielded a physician-level variance
component (� � 0.18) that was signifi-

cantly different from zero and improved
model fit (�2 � 66.22; d.f. � 41; P �
0.02), indicating the presence of physi-
cian-level effects beyond patient-level fac-
tors. The ICC indicated that 3% of the
overall variance in A1C change for blacks
could be accounted for by physician-level
factors. The unconditional model for
whites yielded a physician-level variance
component (� � 0.08) that was not sig-
nificantly different from zero and did not
improve model fit (�2 � 55.52; d.f. � 41;
P � 0.06). However, marginally signifi-
cant findings for whites may have been
due to a limited sample size rather than to
a true difference between groups. The
nonsignificant ICC indicated that 2% of

the overall variance in A1C change for
whites could be accounted for by physi-
cian-level factors.
Physician effects by age. The uncondi-
tional model for patients aged 65 years
yielded a physician-level variance compo-
nent (� � 0.13) that was significantly dif-
ferent from zero and improved model fit
(�2 � 60.64; d.f. � 41; P � 0.02). The
ICC was 0.02, indicating that 2% of the
variance in A1C change for patients aged
65 years could be accounted for by phy-
sician-level factors. The unconditional
model for patients aged �65 years
yielded a physician-level variance compo-
nent � (� 0.01) that was not significantly
different from zero (�2 � 47.54; d.f. �
41; P � 0.22).
Physician effects by change in A1C.
The unconditional model for patients
who improved yielded a physician-level
variance component (� � 0.14) that was
significantly different from zero and im-
proved model fit (�2 � 68.20; d.f. � 41;
P � 0.005). The ICC was 0.05, indicating
that 5% of the overall variance in A1C for
patients who improved could be ac-
counted for by physician-level factors.
The unconditional model for patients
who did not improve yielded a physician-
level variance component (� � 0.01) that
was not significantly different from zero
and hence did not improve model fit (�2

� 48.37; d.f. � 41; P � 0.17). The un-
conditional model for patients who got
worse yielded a physician-level variance
component (� � 0.00) that was not sig-
nificantly different from zero and hence
did not improve model fit (�2 � 28.25;
d.f. � 40; P 	 0.50).

Total sample patient effects
Baseline A1C. The random coefficients
model predicting A1C change estimated
effects for patient A1C baseline, patient
age, and patient race. The first factor en-
tered into the model was baseline A1C. As

Table 1—Variance components for unconditional models: physician effects on diabetes A1C
outcomes

Random
effect

Variance
component* d.f. �2 P

ICC
(R2

total)

Overall sample Patient: �2 5.14 1,381
Physician: � 0.09 41 71.77 0.002 0.02

Black Patient: �2 6.57 528
Physician: � 0.18 41 62.22 0.018 0.03

White Patient: �2 3.76 719
Physician: � 0.08 41 55.52 0.064 NS

Aged 	65 years Patient: �2 3.97 718
Physician: � 0.13 41 60.64 0.024 0.02

Aged �65 years Patient: �2 6.04 663
Physician: � 0.01 41 47.54 0.224 NS

Patients who improved† Patient: �2 2.74 461
Physician: � 0.14 41 68.20 0.005 0.05

Patients who remained same Patient: �2 0.87 512
Physician: � 0.01 41 48.37 0.17 NS

Patients who got worse Patient: �2 1.51 408
Physician: � 0.00 40 28.25 	0.500 NS

*Variance components �2 and � denote an estimate of the amount of variance in outcomes attributable to
patient and physician effects, respectively. While patient effects are assumed to account for variance in A1C
outcomes, physician effects were tested with �2 to compare the fit of models that included physician effects
with null models without physician effects. A significant �2 indicates rejection of the null hypothesis that
patient outcomes do not vary by randomly assigned physicians. †Patients who improved were defined as
patients whose A1C levels improved by �15% of baseline, patients who remained the same were those
whose levels stayed within 15% of baseline, and patients who got worse were those whose A1C levels rose
by 	15% of baseline. NS, not significant.

Table 2—Random coefficients model predicting A1C change

Coefficient SEM T-ratio P R2
within

Fixed effect
Intercept 6.08 0.33 18.23 0.000
A1C baseline –0.73 0.02 
31.94 0.000 0.46
Patient age 
0.01 0.004 
2.27 0.023 0.004
Nonminority 
0.21 0.09 
2.33 0.020 0.003

Random effect Variance component d.f. �2

A1C intercept (u0) 0.034 41 58.08 0.040
Level 1 (r) 2.76

d.f. within � 1,380; d.f. between � 41.

Tuerk and Associates
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Table 2 indicates, baseline measurement
significantly predicted A1C improvement
over the course of the treatment year (t �

31.94; d.f. � 1,380; P � 0.000). Higher
baselines were associated with greater de-
creases in A1C. The estimated R2

within was
0.46, indicating that baseline levels ac-
counted for 46% of the patient-level vari-
ance in A1C change or 45% of the total
variance (46 of 98%).
Patient age. Patient age significantly pre-
dicted A1C change over 12 months (t �

2.27; d.f. � 1,380; P � 0.023) after
controlling for baseline A1C. Older age
was associated with greater A1C improve-
ment. The estimated R2

within was 0.004,
indicating that patient age accounted for
1% of patient-level variance in A1C
change. Even so, the effect translated into
measurable differences in health out-
comes. A production function of the
modeled age coefficient indicated that for
a patient aged 55 years, age was associated
with an improvement of 0.55 in A1C lev-
els, whereas for a patient aged 75 years,
the improvement was 0.75. This is an ef-
fect size of about one-tenth of an SD dif-
ference (d � 0.09).
Patient race/ethnicity. The three racial/
ethnic groups were alternately entered
into the model. Controlling for baseline
A1C and age, categorization as black was
not associated with significant change in
A1C (t � 0.15; d.f. � 1,380; P � 0.11)
and neither was categorization as other
(t � 0.04; d.f. � 1,380; P � 0.70). How-
ever, categorization as white was associ-
ated with significant improvement in A1C
over the course of the treatment year (t �

2.33; d.f. � 1,380; P � 0.02). Because
the predictor variable was dummy coded,
indicating being white versus black or
other, the effect is referred to here as non-
minority status. The estimated R2

within
was 0.003, indicating that nonminority
status accounted for �1% of the patient-

level variance in A1C change. The effect
translated into a between-group differ-
ence of about one-tenth of an SD (d �
0.09). Although in general black patients
showed greater improvement than white
patients, that difference appeared to be
due to black patients having higher base-
line A1C. After baseline A1C was entered
into the model, white patients showed
greater improvement.

CONCLUSIONS — The primary goal
of this study was to investigate whether
diabetes outcomes varied by randomly as-
signed physicians over the course of a year
in treatment. Physician-level factors were
associated with statistically significant but
modest variability in health outcomes, ac-
counting for 2% of the total variance in
A1C change. Simple effects analyses re-
vealed that physician factors mattered
more for black than for white patients and
more for patients aged 	65 years than for
those aged �65 years. Interestingly, phy-
sician factors mattered most for patients
who improved over the year, accounting
for 5% of the total variance in A1C
change. Physician-level factors did not
matter at all for patients who got worse.
Significant patient-level predictors of
A1C change were baseline A1C, age, and
nonminority status. The results of this
study suggest that physician effects only
have minimal impact on glycemic con-
trol. These findings are consistent with
the results of a prior study by Krein and
colleagues (16). The researchers investi-
gated 12,110 patients within 258 primary
care physicians across 13 Veterans Affairs
medical centers and found that physician
effects accounted for 1% of total variance
in A1C. The current study builds on those
findings by examining change over time
in A1C and by investigating how physi-
cian effects vary by patient characteristics.

The significance and meaning of the

physician-level effect reported here (2%
of the variance) depend on one’s perspec-
tive. Interpreting small effect sizes in large
populations is often difficult. For exam-
ple, in the U.S. population, Down’s syn-
drome accounts for a statistically
significant, though very small, amount of
variance in IQ scores; however, one can-
not assume Down’s syndrome is not an
important factor in IQ. Likewise, al-
though physician effects appear to play a
relatively small role in overall A1C out-
comes for some individual patients or
groups of patients, physician effects may
be particularly important for survival and
quality of life.

Alternatively, from a policy-oriented
perspective, 2% of the variance does not
seem a particularly fruitful target on
which to focus limited resources and ex-
pensive interventions. Ninety-eight per-
cent of the variance in A1C change in the
current sample appears to be due to pa-
tient-level factors. Much of that variance
is accounted for by largely unmutable fac-
tors such as baseline disease, age, and
race. However, a good deal of the variance
(52%) remains to be explored and may
very well be associated with potentially
mutable factors.

The results of this study suggest it is
logical to support policies encouraging
the development of patient-level inter-
ventions because that level accounts for
the majority of variance in glycemic con-
trol. Moreover, significant progress has
been made in the development of effective
patient-oriented interventions. A system-
atic review of 72 randomized controlled
trials (RCTs) in patients with type 2 dia-
betes showed that self-management train-
ing improved diabetes knowledge,
frequency and accuracy of glucose self-
monitoring, and glycemic control (24). A
meta-analysis of 31 RCTs found that self-
management education decreased A1C
on average by 0.76% (95% CI 0.34 –
1.18), and the amount of decrease was
highly correlated to the number of contact
hours (25). Moreover, a recent meta-
analysis of 25 RCTs investigating the ef-
fects of psychological interventions on
A1C outcomes indicated improved out-
comes for the experimental conditions in
about one-half of the studies (26). It
should be noted that these effects were in
addition to physician care. In essence,
studies that found significant results did
so by manipulating some factor within the
“Unspecified Patient Effects” portion of
Fig. 1. Given the current state of medical
treatments, that portion is where the larg-

Figure 1—Total variance accounted for in A1C change by patient and physician factors.
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est potential payoff for future interven-
tions exists.

Results of the current study are par-
ticularly relevant in light of the recent
movement toward patient empowerment
in diabetes self-care (27–28). As noted,
results indicated that physician factors
mattered the most for patients who im-
proved and not at all for patients who got
worse. The patient-empowerment litera-
ture could offer one straightforward ex-
planation for this differential effect—
patients who feel empowered may engage
with their doctors more overall and, con-
sequently, their doctors’ skills, talents,
and characteristics have more of an op-
portunity to affect outcomes. In contrast,
patients who do not feel empowered to
manage their diabetes may be less en-
gaged with their physicians and thus the
skills and characteristics of their physi-
cians may not influence treatment out-
comes. In such cases, “bad” treatment
does not make patients worse and “good”
treatment does not make them better.
However, for patients who improved,
physician-related factors made a mean-
ingful difference in how much or how
little they improved.

This study has some limitations. First, it
is important to note that physician-level fac-
tors are not synonymous with physician
characteristics. Potential nonrandom fac-
tors associated with physician specification,
such as nursing team allocation or the avail-
ability of facility resources, may have the
potential to bias estimates of physician-
specific effects. Future investigations
should take into account the ecology of hos-
pital settings and sample from a variety of
institutions. Second, there are important
patient-level factors that were not available
for this analysis. There is a need to further
explore patient-level factors affecting diabe-
tes outcomes, and future studies would
benefit from including a broader range of
patient-level predictors.

In conclusion, the results of this study
suggest that it is logical to support policies
encouraging the development of patient-
level interventions because that level ac-
counts for the majority of variance in
glycemic control. Overall, results indicate
a need for creativity in current treatment
paradigms and policies, including the ex-
panded use of multidisciplinary provider
teams and behavioral approaches in the
treatment of type 2 diabetes.
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