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OBJECTIVE — To quantify total diabetes care received (generalist or specialist) from diag-
nosis onward and its association with the incidence of diabetes complications in a representative
cohort of patients with type 1 diabetes.

RESEARCH DESIGN AND METHODS — A total of 429 subjects from the Pittsburgh
Epidemiology of Diabetes Complications Study, a prospective follow-up study of childhood-
onset type 1 diabetic subjects first seen between 1986 and 1988 (mean age 28 years, mean
duration 19 years), followed biennially for up to 10 years were studied. Specialist care was
defined as care received from a board-certified endocrinologist, diabetologist, or diabetes clinic
and quantified as the percent of diabetes duration spent in specialist care.

RESULTS — There was a significant trend for a higher incidence of neuropathy, overt ne-
phropathy, and coronary artery disease with lower use of specialist care. Multivariate analyses
controlling for diabetes duration, demographic characteristics, health care practices, and phys-
iological risk factors demonstrated that higher past use of specialist care was found to be signif-
icantly protective against the development of overt nephropathy (risk ratio 0.43, 95% CI 0.21–
0.88) and neuropathy (0.54, 0.35–0.83) and weakly protective against coronary artery disease
(0.65, 0.37–1.1).

CONCLUSIONS — A higher proportion of diabetes duration spent in specialist care may
result in delayed development of certain diabetes complications independent of other risk
factors. This study thus supports the concept that the benefits of specialist care should be
available to all patients with type 1 diabetes.
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P rimary care providers are the main
source of care for patients with
chronic disease (1,2). However,

studies examining the quality of care de-
livered by provider type (generalist or

specialist physician) in chronic diseases
have generally demonstrated that special-
ists adopt newer, more effective treatment
techniques (3,4), provide care that more
closely adheres to established practice

guidelines (5), deliver care that results in
better outcomes (6,7), and may be more
cost-effective (8) when compared with
generalists. Studies comparing care re-
ceived by specialists and generalists and
use of preventive care services for people
with diabetes have demonstrated higher
rates of self-monitoring of blood glucose,
intensive insulin therapy (more than two
injections per day), and dilated eye exam-
inations and better glycemic control in in-
dividuals receiving care from diabetes
specialists (7,9,10).

Examination of the effect that health
care providers have on long-term out-
comes is complex because providers
change over time, as does the therapeutic
treatment of diabetes. To date, there have
been few prospective data in cohorts of
patients with diabetes examining the ef-
fect of care received over the duration of
diabetes and complication incidence.
Therefore, this study sought to quantify
the diabetes care received (generalist or
specialist) from diagnosis onward and its
association with the incidence of diabetes
complications in a representative cohort
of patients with childhood-onset type 1
diabetes.

RESEARCH DESIGN AND
METHODS — Participants for this
evaluation were identified from the Pitts-
burgh Epidemiology of Diabetes Compli-
cations Study (EDC) cohort: a 10-year
prospective follow-up study of child-
hood-onset (�17 years of age) type 1
diabetes. The study design was a prospec-
tive cohort design examining the associa-
tion of specialist care with the incidence
of diabetes complications during the 10-
year EDC follow-up period. The EDC has
been previously described (11,12).
Briefly, study participants were diagnosed
between 1950 and 1980 and seen within
1 year of diagnosis at Children’s Hospital
of Pittsburgh. Although this population is
clinic based, it was shown to be represen-
tative of the type 1 diabetic population of
Allegheny County, Pennsylvania (13). By
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definition, all subjects received at least 1
year, and in some cases as many as 18
years, of specialist care. Of the current co-
hort, 35.7% continued to receive diabetes
specialist care immediately after stopping
care at Children’s Hospital. There were
658 subjects who participated in the base-
line examination (1986–1988) and who
received care in the general community.
The 429 subjects included in these anal-
yses (mean age 27 years, mean duration
19 years at baseline, mean age at diagnosis
8 years) were participants of the sixth bi-
ennial examination (10-year follow-up:
1996 –1998). Before their scheduled
clinic visit, participants were sent ques-
tionnaires concerning demographic,
health care, self-care, and medical history
information. Included in these surveys
was the Diabetes Care History Survey
(DCHS). In this instrument, participants
were asked to provide information on
providers of their diabetes care from the
time of diagnosis until the 10-year fol-
low-up examination. If participants saw
more than one physician during any year
for their diabetes care, they were asked to
list the two physicians seen most fre-
quently during that year. Before the ques-
tionnaire was mailed to the participant,
information known about the partici-
pants’ health care history was supplied for
them on a year-by-year basis given their
responses to previous EDC question-
naires. On completion of the DCHS, phy-
sician specialty was classified according to
the American Medical Directory (14) and
further defined using the Official Ameri-
can Board of Medical Specialties (ABMS)
Directory of Board Certified Medical Spe-
cialists (15). A diabetes specialist was de-
fined as a board-certified endocrinologist
or diabetologist (any physician not board-
certified in endocrinology but whose self-
reported specialty was diabetes or
endocrinology) or a diabetes clinic (de-
fined as hospital-based clinics offering a
fellowship training program in endocri-
nology). Providers with more than one
classification (e.g., internist and endocri-
nologist) were coded according to their
highest level of certification or practice
specialty.

Definition of outcome complications
and risk factors
Several micro- and macrovascular com-
plications of diabetes have been assessed
in the EDC. Proliferative retinopathy (PR)
was determined by stereo fundus photog-

raphy (classified by the Arlie House Sys-
tem) (16) or a history of laser therapy for
proliferative disease. Overt nephropathy
(ON) was defined as an albumin excretion
rate (AER) �200 �g/min on at least two
of three timed urine samples or, in the
absence of urine, a serum creatinine level
�2 mg/dl, renal failure, or renal trans-
plant. Distal symmetric polyneuropathy
(DSP) was considered present if, on ex-
amination, according to the Diabetes
Control and Complications Trial (DCCT)
protocol (17), the participant had at least
two of the following: symptoms consis-
tent with DSP, decreased or absent deep
tendon reflexes, or signs of sensory loss.
At the 4-year follow-up examination and
thereafter (i.e., for 101 of 108 incident
subjects), confirmed DSP (CDSP) was de-
termined by the presence of a vibratory
threshold above the age-specific normal
range using the Vibratron II tester (Physi-
temp Instruments, Clifton, NJ). Coronary
artery disease (CAD) was determined by
EDC physician– diagnosed angina, or
myocardial infarction was confirmed by
Q-waves on an electrocardiogram or
through hospital records (Minnesota
codes 1.1 or 1.2), or by angiographic ste-
nosis �50%, coronary artery bypass sur-
ge ry , ang iop l a s ty , o r i s chemic
electrocardiogram changes (Minnesota
codes 1.3, 4.1, 4.2, 5.1, 5.2, and 7.1).
Lower-extremity arterial disease (LEAD)
was defined by a history of amputation or
claudication, or an ankle brachial index
�0.9 at rest. Hypertension was defined as
blood pressure �140/90 mmHg or use of
antihypertensive medication. Stable gly-
cosylated hemoglobin (HbA1) was mea-
sured by ion-exchange chromatography
(Isolab, Akron, OH) and subsequently by
automated high-performance liquid
chromatography (Diamat; BioRad, Her-
cules, CA). Readings with the two meth-
ods were almost identical (r � 0.95). HDL
cholesterol was determined by a precipi-
tation technique (heparin and manganese
chloride) with a modification (18) of the
Lipid Research Clinics method (19). Cho-
lesterol and triglycerides were measured
enzymatically (20,21). LDL cholesterol
levels were calculated from measure-
ments of the levels of total cholesterol,
triglycerides, and HDL using the Friede-
wald equation (22). Household income,
level of education, health care practices,
and smoking status (ever/never) were ob-
tained via self-report.

Statistical analysis
The type of provider listed by the partic-
ipants often changed. Thus, specialist
care was calculated as a variable based on
the total percent of diabetes duration that
a patient was treated by a specialist pro-
vider. To calculate the care received, the
number of years treated by each listed
provider was totaled. The totals were then
divided by the duration of diabetes to de-
rive a percent of diabetes duration spent
in specialist care. Because participants
could list the names of two health care
providers for any given year, each pro-
vider was equally weighted. Patients prev-
alent for the complication at baseline were
excluded from all incidence analyses.
Univariate associations of baseline data
were performed using the �2 test, Stu-
dent’s t test, or the Wilcoxon’s rank-sum
test. The Cochran Armitage test for trend
was used to examine associations between
tertiles of specialist care and incident
complication rate to examine a possible
dose-response relationship. Independent
associations between specialist care and
incident complications were assessed us-
ing Cox proportional hazards modeling.
The outcome variable in these models was
the complication of interest. Explanatory
variables from the baseline examination
were included using the following series
of regression models with specialist care
(up to and including the baseline exami-
nation) and duration forced into all mod-
els: model 1 (base model) � specialist
care � diabetes duration; model 2 �
model 1 � sex � income; model 3 �
model 2 � physician visit in previous 12
months � test blood glucose at least
weekly � more than two insulin injec-
tions/day; model 4 � model 3 � other
variables primarily found to be associated
with the complication of interest (enu-
merated in Table 3). Explanatory vari-
ables chosen for inclusion in the models
were not limited by statistical significance
but were based on literature review and
analyses previously conducted in the
EDC in addition to the current analyses.
Potential confounders were entered into
models 1–3 to examine if these indeed
affected results. Explanatory variables
with the exception of specialist care and
diabetes duration were entered into the
models in a forward stepwise fashion.
Follow-up time for participants who did
not develop the complication ended at ex-
amination 6. Because the specialist care
variable was not normally distributed, it
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was dichotomized at the median value of
65% for specialist care comparisons and
regression analyses. Results were consid-
ered significant at P � 0.05.

RESULTS

Baseline characteristics
Of the original 658 EDC participants, 429
completed questionnaires at the 10-year
follow-up examination (68 participants
had died since the baseline examination).
Nonparticipants of this examination had
no cumulative historical provider data
available and are thus not included in
these incidence analyses. Individuals pro-
viding data for the 10-year follow-up did
not differ by sex (48.3 vs. 54.7% male),
diabetes duration (mean 18.9 years
[range 7.7–36] vs. 18.0 years [7.8 –
37.3]), or complication status (DSP, ON,
PR, CAD, and LEAD) from those eligible
but not participating in examination 6
(n � 161). However, participants were
older (27.3 years [range 8–44.8] vs. 25.7
years [9.8–46.3], P � 0.03), were more
likely to have an income �$20,000 per

year (86.3 vs. 78.3%, P � 0.04), and had
lower HbA1 (10.3 vs. 10.6%, P � 0.06)
and triglyceride (95.6 vs. 117.2 mg/dl,
P � 0.02) levels.

Specialist care and complication risk
factors
Comparisons between individuals report-
ing a higher (defined as �65% of diabetes
duration in specialist care) or lower
(defined as �65% diabetes duration
in specialist care) proportion of specialist
care are summarized in Table 1. Peo-
ple with a higher proportion of specialist
care were younger, had shorter diabetes
duration, and were more likely to have
seen a physician in the previous year and
to test blood glucose. They had better
lipid profiles (no significant difference in
HDL cholesterol) and were less likely to
be hypertensive or to have ever smoked.

Incidence of complications
The number of incident cases and inci-
dence density for each complication is
shown in Table 2. The mean proportion
of diabetes duration spent in specialist

care through the baseline visit is also
shown for individuals who were incident
cases and for those who remained free
from complications. This proportion was
significantly higher in individuals who
did not develop DSP, ON, and CAD. The
association was not significant for PR or
LEAD.

Figure 1 shows the proportion of in-
cident cases for each complication by ter-
tile of specialist care. For CDSP, ON, and
CAD, the group of individuals with the
lowest proportion of diabetes duration
spent in specialist care had the largest
proportion of patients developing the
complication. The test for trend was sig-
nificant for CDSP, ON, and CAD.

Independent effect of specialist care
As previously described, a series of four
multivariate models were used to exam-
ine the independent influence of special-
ist care on complication outcomes.
Higher use of specialist care was signifi-
cantly and independently associated with
lower CDSP until physiological risk fac-
tors were introduced (model 4). Risk ra-

Table 1—Baseline sociodemographic characteristics, lifestyle behaviors, health care practices, and clinical characteristics according to use of
specialist care: EDC

Characteristic Nonspecialist Specialist P

n 215 214 —
Demographic

Age (years) 30.5 � 6.9 24.0 � 7.3 �0.0001
Duration (years) 21.5 � 7.3 16.2 � 6.7 �0.0001
Sex (%male) 52.6 (113) 43.9 (94) 0.07
Income (earning �$20,000/year) 86.0 (154) 86.7 (143) 0.86
Educational level (beyond high school) 61.5 (126) 70.7 (116) 0.06

Health care practices
Weekly testing of blood glucose 50.0 (105) 65.2 (135) 0.002
More than two insulin injections per
day

6.7 (14) 9.2 (19) 0.34

Saw physician in last year 78.5 (146) 90.5 (180) 0.001
Saw eye doctor in the last 2 years 67.9 (125) 74.6 (132) 0.16

Clinical characteristics
HbA1 (%) 10.2 � 1.7 10.3 � 1.8 0.35
HDL cholesterol (mg/dl) 55.0 � 13.3 54.4 � 1.7 0.62
LDL cholesterol (mg/dl) 116.2 � 33.1 108.2 � 30.8 0.01
Total/cholesterol (mg/dl) 190.2 � 38.6 180.3 � 36.8 0.007
Triglycerides (mg/dl)* 97.9 � 69.4 93.3 � 58.5 0.54
AER (�g/min) 347.8 (984.7) 178.5 (599.1) 0.0003
Hypertensive 17.2 (37) 8.4 (18) 0.006

Lifestyle behaviors
Alcohol use (drinks/week) 4.7 � 7.8 3.9 � 6.8 0.36
Ever smoked 42.4 (89) 23.8 (49) 0.001

Data are means � SD or % (n). *Natural log-transformed before analyses. Specialist care is defined as the percent of diabetes duration spent in specialist care (�65%)
compared with nonspecialist care (�65%).
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tios (RRs) were 0.48, 0.44, 0.53, and 0.76
for models 1– 4, respectively. Sex, in-
come, seeing a physician in the previous
year, and intensive insulin therapy had
little effect on the RRs when introduced
into the model (models 2 and 3). Results
demonstrated that a higher use of special-
ist care was also significantly and inde-
pendently associated with less ON across
all four models (RR � 0.46, 0.32, 0.34,
and 0.21 for models 1–4, respectively).
Higher income and self-monitoring were
also significantly associated with less
ON; however, both income and self-
monitoring lost significance when physi-
ological risk factors were introduced into
the model. Although associations be-
tween specialist care and CAD were not
significant, RRs remained protective
across models (CAD RR � 0.63, 0.60,
0.59, and 0.87 for models 1–4, respec-
tively). Neither income nor sex was sig-
nificantly associated with CAD. Higher
AER was associated with an increased risk
of CAD, whereas a higher HDL choles-
terol level was protective. Significant as-
sociations were not found between
specialist care and LEAD and PR after
multivariate adjustment. Because of the
potential influence of missing data on the
results, models were confirmed by intro-
ducing only those variables significantly
associated with outcomes in the final
model together with specialist care and
diabetes duration. These results are pre-
sented in Table 3. Because specialist care
was related to ON, which is defined by the
AER, models were also examined without
AER, with no change to the interpretation
of the association between specialist care
and complications. Further, level of edu-
cation and household income combined
with level of education were introduced
into the models. The overall interpreta-
tion of the association between specialist

care and complications did not change,
with the exception of the LEAD model.
When education was in the model, the
association between specialist care and
LEAD became protective but not signifi-
cantly so (RR � 0.81 [95% CI 0.45–1.5]).
The specialist care variable was also en-
tered into the models after being divided
into tertiles. Again, the overall interpreta-
tion of the results did not change; how-
ever, the positive association between
specialist care and proliferative retinopa-
thy became borderline significant. Addi-
tionally, the CIs around the hazard ratios
for specialist care narrowed for all com-
plications.

CONCLUSIONS — These analyses
examined the influence of diabetes spe-
cialist care (quantified since diagnosis) on
the incidence of diabetes complications in

a representative cohort of patients with
type 1 diabetes. Results demonstrated
that a higher proportion of diabetes dura-
tion spent in specialist care was associated
with a lower incidence of ON and neurop-
athy. In addition, the relative risk for CAD
was also consistently reduced, albeit sta-
tistically nonsignificantly in individuals
with greater specialist care. This relation-
ship remained independently protective
for the development of ON after adjusting
for related variables, including diabetes
duration, sex, health care practices (e.g.,
seeing a physician in the previous year,
self-monitoring of blood glucose, and in-
tensive insulin therapy [more than two
injections per day]), and physiological
risk factors. Although the independent in-
fluence of specialist care was attenuated
for CDSP and CAD in the final models,
when physiological risk factors were in-

Figure 1—The 10-year incidence of diabetes complications by tertile of specialist care: EDC. The
proportion of patients’ incident for each of the complications presented by tertile of specialist care
is represented. Low use of specialist care (f) (0–33.3% of diabetes duration), moderate use of
specialist care (o) (�33.3–66.7% of diabetes duration), and high use of specialist care (u)
(�66.7–100% of diabetes duration) are shown.

Table 2—Incidence and percent of diabetes duration spent in specialist care by the 10-year incidence of diabetes complications in type 1
diabetes: EDC

Complication Cases (n)
Incidence density

(per 100 person-years) Mean % (SD) duration in specialist care P*

With complications Without complications

CDSP 108 3.9 49.6 (35.8) 68.9 (35.2) 0.0001
ON 41 1.2 46.5 (40.6) 63.2 (33.6) 0.005
PR 113 4.1 62.1 (34.7) 62.4 (36.5) 0.85
CAD 68 1.7 47.1 (34.7) 61.9 (34.7) 0.002
LEAD 95 2.7 55.9 (35.40) 60.3 (35.5) 0.23

*Determined by the Wilcoxon rank-sum test.
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troduced, these findings did not diminish
the importance of the relationship be-
tween specialist care and complications
because it is likely these factors are true
mediating variables that explain how spe-
cialist care exerts its effect. Specialist care
was not only associated with the compli-
cation outcome but was also associated
with certain physiological risk factors
(e.g., LDL cholesterol, HDL cholesterol,
AER, and hypertension). Thus, adding
these mediators to the model may atten-
uate the relationship between specialist
care and complications because the phys-
iological risk factors are also known to be
associated with the outcome (23). Be-
cause individuals reporting a higher pro-
portion of specialist care had better
clinical profiles, specialist care may influ-
ence the development of complications
indirectly. If so, it is not clear why special-
ist care did not demonstrate similar pro-
tective effects for proliferative retinopathy

or LEAD. However, it may be that the
high-risk group for the development of
proliferative retinopathy has already pro-
gressed (prevalence was 26.8% at base-
line), therefore eliminating a susceptible
group from the incidence analyses (i.e.,
314 of 429 available for incidence analy-
ses). Additionally, participants may not
have gone to specialists until having one
or more complications, which could po-
tentially underestimate the effect of spe-
cialist care.

Little prospective research is available
that examines the influence of diabetes
specialist care on complication outcomes.
In a study by Schiel et al. (24), decentral-
ization of diabetes care from specialist
centers to general practice demonstrated
an increase in rates of proliferative reti-
nopathy and worse glycemic control in
people with type 1 diabetes when com-
paring nonspecialized care in the decen-
tralized system to centralized diabetes

care. This study, however, did not follow
the same cohort for the two time periods.
In a cross-sectional comparison, Tabak et
al. (25) found lower rates of proliferative
retinopathy, albuminuria, and end-stage
renal disease when comparing the Diab-
Care Hungary, where diabetes care is spe-
cialized, with the EDC population, where
care is a mixture of specialist and gener-
alist providers. In the Verona Diabetes
Study (26), individuals attending the dia-
betes center experienced a 17% lower
mortality rate than individuals seeing
family practitioners. Similarly, individu-
als regularly attending Steno Memorial
Hospital (a diabetes specialty clinic) had
better survival with later and less frequent
occurrence of serious late diabetes com-
plications than those with sporadic or no
contact with the Steno Clinic. The excess
mortality in the Steno study was due to an
earlier and more common occurrence of
renal disease in individuals with sporadic

Table 3—Independent risk factors associated with incidence of diabetes complications: Cox regression analysis, EDC

Model Total n (events) Risk factor RR 95% CI

CDSP 307 (107) Specialist care (high:low) 0.54 0.35–0.83*
Diabetes duration (years) 1.3 1.0–1.6†
HbA1c (%) 1.6 1.3–2.0‡
Height (cm) 1.0 1.0–1.0†
AER (�g/min) 1.3 1.0–1.5†
Hypertension (yes:no) 2.8 1.6–5.0‡
Smoking (yes:no) 1.5 0.98–2.2

ON 339 (39) Specialist care (high:low) 0.43 0.21–0.88†
Diabetes duration (years) 0.79 0.54–1.1
HbA1c (%) 2.0 1.5–2.7‡
HDL cholesterol (mg/dl) 0.71 0.49–1.0
Hypertension (yes:no) 3.2 1.2–8.7†

PR 314 (112) Specialist care (high:low) 1.1 0.79–1.8
Diabetes duration (years) 1.0 0.87–1.4
HbA1c (%) 1.6 1.3–1.9‡
AER (�g/min) 1.4 1.2–1.8‡
Systolic blood pressure
(mmHg)

1.2 1.0–1.3†

CAD 404 (67) Specialist care (high:low) 0.65 0.37–1.1
Diabetes duration (years) 2.2 1.6–2.9‡
HDL cholesterol (mg/dl) 0.68 0.51–0.9*
AER (�g/min) 1.5 1.2–1.9‡

LEAD 205 (57) Specialist care (high:low) 0.95 0.53–1.7
Diabetes duration (years) 1.3 0.96–1.8
Alcohol (drinks/week) 0.69 0.46–1.0
Hypertension (yes:no) 2.7 1.5–5.1*

Specialist care (�65%: �65%) and diabetes duration were included in all models. *P � 0.01; †P � 0.05; ‡P � 0.001. Additional risk factors were made available
to the final models as follows: CDSP: Sex, HbA1c, height, AER, hypertension, smoking; ON: HbA1c, HDL cholesterol, hypertension; PR: HbA1c, AER, systolic blood
pressure; CAD: HDL cholesterol, AER; LEAD: alcohol consumption, HbA1c, triglycerides, hypertension. All risk factors presented are those significant in the model
at the P � 0.10 level. RRs are presented per 1 SD increase for the following continuous variables: diabetes duration � 7.5 years, HbA1c � 1.8%, AER � 1.9 �g/min,
HDL cholesterol � 12.5 mg/dl, alcohol � 7.3 drinks/week, systolic blood pressure � 7.3 mmHg, triglycerides � 0.5 mg/dl. RRs for height are reported per 1-cm
increase.
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contact (27). These studies, together with
the current study, demonstrate that dif-
ferences in care delivery can affect out-
comes in people with diabetes. Results
from the Medical Outcomes Study (28)
also demonstrated that endocrinologists
achieved better foot ulcer infection out-
comes, although the authors did not find
any other significant associations with vi-
sual acuity, high rate of albumin excre-
tion, or blood pressure control. The
Medical Outcomes Study, however, did
not consider care preceding the study. Be-
cause complications can develop over a
longer period of time, the influence of
specialist care may have been underesti-
mated. Additionally, this study was lim-
ited to patients with type 2 diabetes; thus,
results cannot be directly compared with
the present evaluation.

In these analyses, there was no signif-
icant difference in glycemic control be-
tween individuals reporting specialist
versus nonspecialist care. However, spe-
cialist care was not assessed concurrently
with the HbA1 measure but as a propor-
tion of overall care. Also, in a previous
analysis in this cohort, specialist care was
found to be associated with better glyce-
mic control when assessed concurrently.
Self-testing, knowledge of HbA1c testing,
and the results of the DCCT were also
found to be more prevalent in individuals
receiving care from diabetes specialists
(7). An analysis examining patients’ per-
ception of diabetes care indicated that
specialists were more likely to encourage
self-care, order HbA1c tests, and to dis-
cuss HbA1c results and home blood glu-
cose monitoring (29). In another study,
patients receiving care from specialists
were more likely to perceive receipt of ad-
equate care than patients receiving gener-
alist care (29). The aforementioned
studies support that outcomes may be
better in patients who receive care from
diabetes specialists. Additionally, pa-
tients’ perceptions of care and satisfaction
may result in better adherence to recom-
mendations because they may feel more
knowledgeable about self-management
and self-efficacy. Thus, increased use of
preventive health care and an increased
knowledge base, characteristics associ-
ated with specialist care in this popula-
tion, may promote better outcomes in
these patients.

The DCHS, by design, asked that
subjects recall their diabetes health care
history for up to 48 years. This question-

naire, therefore, was subject to recall bias
and potentially had low reliability. Al-
though �5% of the data were missing (ei-
ther left blank or the participant was
unsure if he or she saw a health care pro-
vider in a given year), a repeatability study
conducted in 19 participants demon-
strated 95% agreement (� � 0.90) assess-
ing high or low use of specialist care
between the first and second surveys ad-
ministered an average of 17 months apart
(range 3–26 months), thus indicating ex-
cellent reproducibility. Given that partic-
ipants had to recall a long period of
diabetes health care, a validation study
using medical record review was also un-
dertaken in these 19 participants. Com-
plete medical record ascertainment was
available for eight participants. Of the
responses given by participants regard-
ing the health care provider, 86% were
validated through medical records pro-
vided by the physician named in the
questionnaire.

The EDC is a prospective follow-up
study of subjects shown to be representa-
tive of the childhood-onset type 1 diabe-
tes population in Allegheny County,
Pennsylvania (13). By design, this study
provided clinical, socioeconomic, and de-
mographic data for up to 10 years of fol-
low-up in these patients, thus allowing
the evaluation of the influence of a variety
of risk factors on complication outcomes.
This substudy is original in its design.
Other studies, to the knowledge of the
authors, have not examined the influence
of specialist or generalist care on the inci-
dence of diabetes complications during a
patient’s duration of diabetes. Although
the provider data were historical in na-
ture, complications were assessed pro-
spectively, thus allowing the influence of
type of provider on the incidence of com-
plications to be assessed. Other studies
examining effects of specialist care have
not used standardized methods to classify
care, as was done in this study. Addition-
ally, studies examining this research
question have been cross-sectional in na-
ture (3,4,24,28,30) or conducted in clinic
populations (5,9,10,31) with few exam-
ining complication outcomes. Studies ex-
amining the interrelationship between
types of care received, socioeconomic fac-
tors, and complication outcomes appear
to be absent in the literature. The current
study adds to the available literature be-
cause it documents health care history
and associations with the subsequent de-

velopment of complications of the same
cohort. One limitation of the current
study is that other practice characteristics,
e.g., solo versus group, and practice sta-
bility over time were not studied because
these data were not fully available for the
�700 providers studied. However, be-
cause most of the specialists were in stable
group practices, the potential for further
analysis is limited. This result does dem-
onstrate the need for further study to
identify characteristics of “best practices”
and to translate these findings because the
current analyses did not capture certain
aspects of specialist care, such as fre-
quency of self-monitoring or provider
practice characteristics that may lead to
an acute improvement in glycemic con-
trol, consequently affecting complication
onset.

The results of this study suggest that
specialist care may play a role in influenc-
ing health care practices and incidence of
ON and neuropathy in patients with type
1 diabetes. This study did demonstrate
associations between specialist care, so-
cioeconomic status, and complication,
mediating variables that can influence the
development of complications. The inter-
relationship between the role of health
care provider, socioeconomic status, and
clinical characteristics as they relate to
outcomes is a complex issue to disentan-
gle. Although it is not feasible for all pa-
tients with diabetes to be seen by a
diabetes specialist and some generalists
may indeed deliver high-quality diabetes
care, efforts aimed at the primary and sec-
ondary prevention of diabetes complica-
tions should focus on the identification of
aspects of high-quality care that may lead
to better outcomes, coordinated care be-
tween specialist and generalist physi-
cians, and mechanisms that increase both
patient and provider awareness of pre-
ventive service use.
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