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B Abstract

OBJECTIVES: To study the discrepancy between actual
and recommended rates of use among several measures of
screening for complications of diabetes in a national longi-
tudinal sample, the correlations among measures of adher-
ence, and whether or not higher rates of adherence reduce
hospitalizations for complications of diabetes. The key study
hypothesis was that lack of adherence to professional rec-
ommendations for diabetes care leads to adverse health
outcomes for elderly persons. METHODS: Administrative
claims and survey data for 1994-1999 on a nationally repre-
sentative sample of Medicare beneficiaries age 65+. Princi-
pal components analysis and instrumental variables probit
regression methods were used. RESULTS: Most Medicare
beneficiaries diagnosed with type 2 diabetes had at least one
physician visit per year, but rates of screening (eye examina-

tions and HbAlc, lipid, microalbumin and urine tests) fell
far short of recommendations. Correlations among use rates
for various types of screening were positive but far less than
one, suggesting that failure to screen reflects a complex set
of underlying factors. Increased rates of adherence were
observed for HbAlc and lipid testing over the observation
period. Higher use was associated with lower rates of hospi-
talization for complications of diabetes (vascular (p=0.007),
renal (p=0.002), and other complication (p=0.005)). CON-
CLUSIONS: Adherence to guidelines was associated with
significantly reduced rates of hospitalization. Continued
analysis of the trends in clinical practice is needed to dem-
onstrate the effectiveness of standardized guidelines for the
care of patients with diabetes.

Keywords: adherence + compliance - guidelines + diabetes

mellitus - hospitalizations + complications

Introduction

D iabetes mellitus is a major cause of mortality

and morbidity among persons over age 65 in the
United States [1, 2]. Given the benefits of control [3]
and of therapeutic interventions to mitigate complica-
tions from the disease [4-6], various guidelines specify
minimum rates of screening [7-9], and the Health Em-
ployer Data and Information Set (HEDIS) [10] uses
conformance with certain recommendations for diabe-
tes as a measure of quality of care. However, actual
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screening rates fall far short of recommended levels
[11-16]. The discrepancy plausibly reflects a combina-
tion of patient, physician, and system factors [17-19].
While such studies have been a cause for concern and
have provided the basis for suggestions for methods to
improve care, less well understood is the longitudinal
pattern of care over many years. Because diabetes mel-
litus is a chronic disease, it is by understanding the
patterns of longitudinal care, and then the impact of
such care, that we can assess the value and import of
regular care and how current care patterns either meet
or fall short of appropriate levels.
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This study used national administrative data from
the Medicare program to address three issues. First,
what is the discrepancy between actual and recom-
mended rates of use among several measures of
screening for complications of diabetes in a national
longitudinal sample? Second, how correlated are the
measures? Third, do higher rates of adherence to
guidelines reduce hospitalizations for complications of
diabetes? The key study hypothesis is that lack of ad-
herence to professional recommendations for diabetes
care leads to adverse health outcomes for elderly per-
sons.

Methods

The study population consisted of individuals 65
years and over at the time of entry into the study in the
US. and who were enrolled in the National

Table 1 Codes for Diagnosis and Procedures

Long-Term Care Survey (NLTCS). The NLTCS is a
random sample of U.S. adults 65 years and older con-
ducted by the U.S. Census Bureau and the Duke Uni-
versity Center for Demographic Studies. Because the
NLTCS was originally designed to study disability
among elderly individuals, the sample included persons
living in the community and in nursing homes.

The NLTCS data files included individuals ran-
domly selected from Medicare enrollment records who
were 65 years or older at their firsst NLTCS interview.
More than 25,000 persons were surveyed in 1982 and
1984; the first survey years with follow-up interviews
were conducted in 1989, 1994, and 1999. To maintain
a consistent sample size of more than 20,000 subjects
at each interview, new sample members were added at
the 1989, 1994, and 1999 interviews. An oversample of
500-600 persons aged 95+ was added in 1994 and
1999.

Panel A: ICD-9-CM Diagnosis Codes for Complications

Peripheral vascular disease (e.g. atherosclerosis, chronic
ulcer of skin, gangrene and amputations)

Neurological symptoms (e.g. occlusion of cerebral arteries,
hemorrhagic stroke)

Renal compliations (e.g. proteinuria, renal failure and its
sequelae)

Cardiovascular disease (e.g. myocardial infarction, heart
failure)

Other Complications (e.g. bacteremia, infection, Coxsackie
virus, other bone involvement, degenerative skin disorders)

440, 443, 444, 447 .1, 451-454, 459, 707, 785.4, 885-887, 895-897

250.6, 337.1, 354, 355, 356.8, 357.2, 358.1, 430-438, 713.5, 729.2

250.4, 580-588, 590, 593, 595-597, 599.0, 791.0

250.7, 401-405, 410414, 425428, 429.1, 429.2, 429.3, 441442, 458

079.2, 112.1, 112.3, 250.8, 250.9, 380.1, 558.9, 607.84, 681, 682, 709.3,
730.17,731.8, 790.7

Panel B: CPT—4 and ICD-9-CM Procedure Codes for Diabetes Adherence Measures

Physician visits

99201-99205, 99211-99215, 99241-99245, 99301-99303, 99311—

99313, 99321-99323, 99331-99333, 99341-99345, 99347-99350,
99387, 99397, 99401-99404, 99411-99412, 99420-99429

HbA1c tests 83036
Lipid and cholesterol tests
Urinalysis, microalbumin, proteinuira tests

Eye examinations

80061, 82465, 83715, 83716, 83718, 83719, 83721, 84478
82040, 82042, 882043, 82044, 84155, 81000, 81001, 81002, 81003
92002, 92004, 92012, 92014, 92018, 92019, 92225, 92226, 92230,

92235, 92250, 92260, 16.21, 95.02, 95.03, 95.11, 95.12

Eye exams, with provider specialty code for optometrist or
ophthalmologist

Eye exams, with any ocular complication

Eye exams, with any form of diabetic retinopathy 92287

99024, 99025, 99201-99205, 99211-99215, 99241-99245, 99251—
99255, 99261-99263, 99271-99275, 99281-99285

76511-76513, 76516, 67208, 67210, 67227, 67228

Eye exams, with primary diagnosis of proliferative diabetic 67036, 67038-67040, 67101, 67105, 67107-67110, 67112

retinopathy
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We used the NLTCS to select the sample for our
study and for identifying beneficiary links to Medicare
administrative claims files. We limited our analysis of
adherence to 1984-1999 for two reasons. Clinical rec-
ommendations on five tests and services were consis-
tent during this period and 1991 was the first year that
Medicate Part B (mainly physician) claims contained
information on diagnoses. We used claims data from
1985 through 1993 to identify persons with a diagnosis
of diabetes mellitus. Following a procedure used by
others [20], a person was included in our analysis sam-
ple if diabetes was reported as a diagnosis on a single
institutional claim (inpatient, skilled nursing facility,
home health care, hospice, and outpatient) or at least
two non-institutional claims (cartier/physician sup-
plier/Part B, durable medical equipment, clinical labs).

We obtained the analysis samples through a series
of steps. First, we restricted the analysis to individuals
with type 2 diabetes and age 65+ at the start of 1994.
This yielded a sample of 3,964. Next, measuring adher-
ence to clinical recommendations for cate required that
we observe all individuals for a common length of
time. In total, 1,469 of these persons died during
1994-1998, leaving 2,495 persons who survived. After
eliminating individuals with invalid or missing data for
key variables, we were left with 2,341 observations for
the analysis of hospitalizations for diabetes complica-
tions.

The dependent variables were hospitalizations for
the following complications of diabetes at least once
during 1994-1998 - peripheral vascular, neurological,
renal, cardiovascular, and other complications of dia-
betes (Table 1). Hospitalizations for endocrine compli-
cations were not assessed since only eight sample per-
sons had such hospitalizations during 1994-1998.

The key explanatory variable in our analysis of the
probability of hospitalization with each of the compli-
cations during 1994-1998 was an index of patient
adherence to clinical recommendations. As a first step
to constructing this index, we defined binary variables
for whether or not during the year the person had had
a physician visit, an HbAlc test, a dilated eye exam, a
lipid test, and a urinalysis, which included microalbu-
min and proteinuria tests. All five measures were ob-
servable in the claims, and there were no major
changes in coding practices during 1994-1998 for any
of the five measures. Influenza vaccinations were ob-
servable in the claims data, but were excluded since the
clinical practice recommendation changed during the

period.

To develop an index of annual utilization of such
visits and tests, we performed principal components
analysis, selecting scores from the first principal com-
ponent as the index. The main use of principal com-
ponents and the related statistical technique of factor
analysis is to reduce a large set of correlated variables
into a smaller number of uncorrelated variables [21].
Both techniques have been applied to a wide range of
fields, including medicine and the physical and social
sciences [22]. With statistical software [23], one can
easily compute linear transformations of a large set of
variables to obtain a smaller set, or principal compo-
nents, that retain most of the relationships and infor-
mation in the original data. In this case, we began with
five measures of adherence with clinical guidelines and
retained a single variable, the first principal compo-
nent. Analysis results using principal components and
factor analysis were quite similar, so only the results
for principal components are reported in this papet.

All dependent variables were binary (equal to one
when a complication leading to a hospitalization was
observed and zero otherwise); thus we used a form of
probit analysis. Since the coefficients from probit re-
gression do not reveal the effect of a change in the
explanatory variable on the dependent variable, we
computed marginal probabilities using Stata 8.0 [23],
which gives a numerical derivative evaluated at the
observational means.

The goal of our analysis was to assess the impact of
adherence as measured by the index on hospitaliza-
tions for complications of diabetes. However, visits
and testing may reflect severity of illness not recorded
in administrative records and not accounted for by the
other independent variables. To deal with potential
endogeneity of the index (the possibility that the onset
of complications influenced utilization of recom-
mended care), we used an instrumental variables ap-
proach, Amemiya's generalized least squares (AGLS)
[24], a form of probit analysis. This method requires
that two conditions be satisfied. First, some variables
must not have a direct effect on outcomes but affect
utilization. (These variables only affect outcomes
through their influence on utilization.) Second, the
variables must be correlated with utilization [25]. Pre-
dictors of utilization that were omitted from the out-
comes analysis were measures of the number of inter-
nal medicine and general practice physicians, ophthal-
mologists, and optomettists per 10,000 population in
the person's Primary Sampling Unit (a standard metro-
politan statistical area (SMSA) for residents of SMSAs
and a county or small group of counties for others),
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whether or not the person was enrolled in Medicaid,
and whether or not the person had a private supple-
mental health insurance policy to Medicare.

We used two specification tests to check for the
appropriateness and strength of the instrumental vati-
ables. To test the null hypothesis that the dependent
vatiable is exogenous in which case the instrumental
variable approach would be unnecessary, we used a
test of exogeneity developed by Smith and Blundell
[26]. We computed an F-test of the joint significance
of the instruments in the first-stage regression to test
that the instrumental variables were sufficiently corre-
lated with the endogenous explanatory variable, the
principal component of adherence. The results are
shown in the appendix (Table Al and A2).

Other explanatory variables in the analysis of hospi-
talizations were: the person's age in 1994; a binary
variable for gender; whether the person had been diag-
nosed with dementia by the beginning of 1994; the
person's DxCG score [27, 28], a measure of severity of
illness based on diagnosis and procedure codes and
demographic characteristics; the number of months
the person was enrolled in a Medicare health mainte-
nance organization (HMO) during 1994-1998; a prior
history of the complication as of the beginning of 1994
(for the analysis of hospitalizations for complications);
and several variables measuring the duration of diabe-
tes. For persons for whom we likely observed the first
diagnosis of diabetes, we included the number of years
between 1994 and this first diagnosis (during
1984-1993). We included a separate explanatory vari-
able for the number of years between diagnosis and
1994 for individuals for whom the first diagnosis of
diabetes was censored. Our definition of censoring was
observing a diabetes diagnosis in the first year of an
individual's claims (beginning at age 65 or older) or a
diabetes diagnosis in 1991 for individuals for whom we
observed in claims prior to 1991. Therefore, our defi-
nition of “not censored” is individuals for whom we
observed one or more years of claims without a diabe-
tes diagnosis and who had a first diagnosis in
1984-1990 or 1992-1993. Physician (Part B) claims
prior to 1991 lacked diagnosis codes, thus persons for
whom we first observed a diagnosis of diabetes melli-
tus were probably diagnosed eatlier. We also included
dummy variables for whether the censoring occurred
in the 1984-1990 period or the 1991-1993 period to
account for differences in the diagnosis codes on the
two types of claims.

Rev Diab Stud (2004) 1:29-38

Results

On average, persons diagnosed with diabetes had
7.8 visits (median value 6.8); nearly all sample persons
(89%) had at least one physician visit per year (Table
2). Annual utilization rates for the screening tests were
much lower, ranging from 1.2 tests per year for uti-
nanalysis tests to 0.37 annually for lipid tests. Slightly
more than half of the persons had eye exams per year
(53%). However, less than a quarter of persons had
lipid tests (22%). Rates of use of HbAlc tests and
urinalysis were in between. Annual rates of HbAlc and
lipid testing increased between 1994 and 1998, but
even in 1998, only 40% of persons had an HbAlc test
and only 33% had a lipid test in that year.

Table 2 Diabetes Adherence Measures
A. Number of services, 1994-1998

Variables Mean SD Median
General physician visits 7.84 5.93 6.80
HbA1c tests 0.68 0.96 0.20
Annual eye exam' 0.53 0.37 0.60
Lipid tests 0.37 0.65 0.20
Urinalysis tests 1.19 1.49 0.80
. Mean values by year

Variables 1994 1995 1996 1997 1998
General physician visits 742 7.71 7.89 7.88 8.30
HbA1c tests 048 059 071 0.81 0.82
Annual eye exam' 052 054 053 053 052
Lipid tests 031 032 031 034 055
Urinalysis tests 118 123 118 1.16 1.18

B. Rate of adherence (received service one or more times during
year), 1994-1998

Variables Mean SD Median
General physician visits 0.89 0.25 1.00
HbA1c tests 0.33 0.35 0.20
Annual eye exam' 0.53 0.37 0.60
Lipid tests 0.22 0.28 0.20
Urinalysis tests 0.50 0.33 0.40
. Mean values by year

Variables 1994 1995 1996 1997 1998
General physician visits 0.91 091 0.88 087 0.86
HbA1c tests 025 029 034 038 040
Annual eye exam' 052 054 053 053 0.52
Lipid tests 019 019 018 0.21 0.33
Urinalysis tests 050 051 051 048 049

' Annual eye exam is binary for one or more exams in both A and
B.

Copyright © by The SBDR
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Table 3 Correlations among Diabetes Adherence Measures

A. Mean number of services per year, 1994-1998

General HbA1c  Annual Lipid  Urinaly-
phys. tests eye tests  sis tests
visits exam

General phy- 1.00

sician visits

HbA1c tests 0.15 1.00

Annual eye 0.30 0.19 1.00

exam

Lipid tests 0.18 0.22 0.17 1.00
Urinalysis 0.40 0.12 0.16 0.18 1.00
tests

B. Rate of adherence (received service one or more times during
year) averaged over 1994-1998

General HbA1c  Annual Lipid  Urinaly-
phys. tests eye tests  sis tests
visits exam

General phy- 1.00

sician visits

HbA1c tests 0.24 1.00

Annual eye 0.37 0.21 1.00

exam

Lipid tests 0.23 0.21 0.22 1.00
Urinalysis 0.40 0.19 0.26 0.22 1.00
tests

C. Mean number of services per year, 1994-1998, conditional on
having had at least one physician visit in the year

General HbA1c  Annual Lipid  Urinaly-
phys. tests eye tests  sis tests
visits exam

General phy- 1.00

sician visits

HbA1c tests 0.10 1.00

Annual eye 0.22 0.15 1.00

exam

Lipid tests 0.14 0.20 0.14 1.00
Urinalysis 0.37 0.09 0.12 0.16 1.00
tests

D. Rate of adherence to those persons who had at least on physi-
cian visit in the year

General HbA1c  Annual Lipid  Urinaly-
phys. tests eye tests  sis tests
visits exam

General phy- 1.00

sician visits

HbA1c tests 0.14 1.00

Annual eye 0.22 0.16 1.00

exam

Lipid tests 0.15 0.18 0.17 1.00
Urinalysis 0.25 0.13 0.17 0.18 1.00
tests

Although the individuals visited physicians more
than once every other month on average, mean num-
bers of tests were only weakly correlated with the
mean numbers of visits (Table 3, Panel A). Correla-
tions with the number of visits ranged from 0.40 for
urinalysis to 0.15 for HbAlc tests, indicating that
greater contact with a physician was only weakly asso-
ciated with higher frequency of testing. Likewise the
probability of receipt of tests was only weakly related
to the probability of having at least one visit (Table 3,
Panel B). In general, correlations among the five
measures, although positive, were not higher than 0.26.
Limiting the sample to persons who had at least one
visit during the year did not alter the patterns observed
for the entire sample (Panels C and D).

The first principal component accounted for 41%
of the variance in the five utilization measures (Table
4). The values from the eigeenvector indicated a high
and positive association with each of the five meas-
ures. Bach of the other four principal components was
related to one or more of the other utilization meas-
ures (not shown) and individually, they explained much
less of the variance in utilization than did the first prin-
cipal component.

Table 4 Principal Components Analysis of Diabetes Adherence
Measures

Component Eigenvalue Difference Proportion Cumulative
1 2.035 0.407 0.407
2 0.869 1.167 0.174 0.581
3 0.791 0.078 0.158 0.739
4 0.741 0.050 0.148 0.887
5 0.565 0.176 0.113 1.000

First principal component retained for analysis:

Variable Eigenvector
General physician visits 0.519
HbA1c tests 0.378
Annual eye exam1 0.463
Lipid tests 0.391
Urinalysis tests 0.469

We ranked the observations in order of their score
on the first principal component and divided the sam-
ple into quartiles (Table 5). In the lowest quartile of
scores, 61% of persons had at least one visit during the
year. Annual rates of testing were all under 20%. Rates
of use increased monotonically from the lowest to the
highest quartile. In Quartile II, 96% of persons had
visited a physician during the year on average, but rates
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of adherence with the recommendations for testing
remained quite low. In Quartile IV, almost 100% of
patients had an annual physician visit, but rates of
testing remained far below the recommended levels.
Rates of testing ranged from 47% for lipid tests to
83% for annual eye exams.

Table 5 Mean Values of Services by Quartile of Distribution of
Principal Component Scores'

Quartile | ( range -3.847, -0.793)

Mean SD
General physician visits 0.601 0.354
HbA1c tests 0.110 0.193
Annual eye exam 0.189 0.240
Lipid tests 0.057 0.120
Urinalysis tests 0.194 0.216
Quartile Il ( range -0.793, 0.147)

Mean SD
General physician visits 0.960 0.109
HbA1c tests 0.223 0.282
Annual eye exam 0.444 0.317
Lipid tests 0.122 0.187
Urinalysis tests 0.428 0.282
Quartile 1l ( range 0.147, 0.938)

Mean SD
General physician visits 0.987 0.054
HbA1c tests 0.360 0.328
Annual eye exam 0.661 0.316
Lipid tests 0.232 0.261
Urinalysis tests 0.584 0.291

Quartile IV ( range 0.938, 3.333)

Mean SD
General physician visits 0.998 0.023
HbA1c tests 0.633 0.353
Annual eye exam 0.826 0.236
Lipid tests 0.473 0.321
Urinalysis tests 0.776 0.234

' Mean is the proportion of years (1994-1998) with one or more
service.

Rates of hospitalization during 1994-1998 for com-
plications of diabetes ranged from 5.1% for
non-cardiac vascular complications to 26.2% for car-
diovascular complications (Table 6). These rates are
for persons who survived through 1998. For persons
who died between 1994 and 1998, hospitalization rates
were appreciably higher, especially for renal (11.1%
among decedents) and cardiovascular complications
(36.0% among decedents, not shown in table).

Rev Diab Stud (2004) 1:29-38

Table 6 Mean Values of Services'

Mean SD No. of ad-
verse out-
comes

Hospitalized for vascu- 0.051 0.220 119
lar complications
Hospitalized for neuro- 0.115 0.319 269
logical complications
Hospitalized for renal 0.060 0.237 140
complications
Hospitalized for cardio- 0.262 0.440 613
vascular complications
Hospitalized for other 0.053 0.225 125

complications

' Sample size: N = 2341.

Adherence to guidelines was associated with lower
rates of hospitalization for vascular (p=0.007), renal
(p=0.002), and other complications of diabetes
(p=0.005) (Table 7) with hospitalization for cardiovas-
cular complications being almost statistically significant
at conventional levels (p=0.051). Such hospitalizations
were positively related to the number of years since
diabetes had been diagnosed, whether the person had
been hospitalized for the same complication before
1994 (1991-1993), and with comorbidities as measured
by the DxCG score. These hospitalizations were nega-
tively related to having a diagnosis of dementia (for
some types of complications) and to the number of
months the person had been enrolled in a Medicare
HMO during 1994-1998. During the months the per-
son was in an HMO, no utilization information was
included in our data.

An increase in the adherence index from -0.5 to 0.5
(approximately a change from Quartile II to Quartile
IIT) was associated with a reduction of 5.9% in the
probability of being hospitalized for a vascular compli-
cation during 1994-1998. For hospitalizations for a
renal complication, the reduction was 6.9% and car-
diovascular and other, 9.5% and 5.9%, respectively.

Conclusion

The vast majority of Medicare beneficiaries diag-
nosed with type 2 diabetes had at least one visit per
year to a physician. However, rates of screening fell far
short of recommendations. With the possible excep-
tion of eye examinations, screenings tend to be done at
the physician's initiative. It is possible that the low
screening rates demonstrated in this study represent
physician responsiveness to immediate concerns that

Copyright © by The SBDR
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Table 7 Hospitalizations for Diabetes Complications, 1994-1998

Variable Vascular Neuro- Renal Cardio- Other
logical vascular
Adherence -0.635% -0.223 -0.694° -0.302° -0.613%
principal (0.235) (0.179) (0.224) (0.154) (0.216)
component  [-0.059] [-0.042] [-0.069] [-0.095] [-0.059]
Age -0.020° -0.007 -0.022° -0.023* -0.017
(0.012) (0.009) (0.012) (0.008) (0.011)
Male 0.086 0.047 -0.142 0.103 0.004
(0.100) (0.074) (0.105) (0.063) (0.099)
DM duration 0.076° 0.045° 0.094° 0.055° 0.056°
(not cen- (0.031) (0.024) (0.031) (0.020) (0.032)
sored)
DM duration 0.050 0.068°  0.009 0.068° 0.031
(left cen- (0.038) (0.029) (0.037) (0.023) (0.034)
sored)
Censored 0.220 0.078 0.459° 0.033 0.235
1984-1990 (0.206) (0.156) (0.209) (0.128) (0.202)
Censored 0.052 -0.231 0.334 0.007 0.344
1991-1993 (0.314) (0.243) (0.304) (0.185) (0.281)
Dementia -0.302 -0.204 0.260 -0.405° -0.469°
(0.193) (0.152) (0.168) (0.130) (0.203)
DxCG score 0.315° 0.245° 0.385° 0.489° 0.344°
(0.070) (0.054) (0.069) (0.053) (0.068)
Same com- 0.492° 0.309° 0.537° 0.641° 0.329°
plication (0.112) (0.096) (0.117) (0.132) (0.113)
diagnosed
before 1994
HMO -0.039° -0.019 -0.043% -0.024° -0.042°
months, (0.015) (0.011) (0.014) (0.010) (0.014)
1994-1998
Constant -0.774° -1.128° -0.748 -0.112 -0.969
term (0.885) (0.654) (0.869) (0.563) (0.864)
Sample size 2341 2341 2341 2341 2341
Pseudo R- 0.060 0.038 0.104 0.075 0.059
squared

Standard errors in parentheses. Marginal effects (effects of a one
unit change in the first principal component on the probability of
hospitalization for a complication) evaluated at sample means in
brackets. °p < 0.01; °p < 0.05; °p < 0.10 (2 tailed test).

led to the visit rather than to health maintenance. The
correlations among use rates for the various types of
screening were positive but far less than one, suggest-
ing that failure to screen reflects a complex set of un-
derlying factors. The use rates were sufficiently corre-
lated to yield a principal component that we inter-
preted as a general index of screening rates. Higher
use, as indicated by higher values of the principal

component score, was associated with lower rates of
hospitalization for complications of diabetes during
this period.

Complications are prevalent in persons diagnosed
with diabetes [29]. Both the Diabetes Control and
Complications Trial (DCCT) in patients with type 1
diabetes [30] and the United Kingdom Prospective
Diabetes Study (UKPDS) [31, 32] in patients with type
2 diabetes have demonstrated reductions in both the
incidence and progression of microvascular complica-
tions with improved blood glucose control. In our
study, although we lacked a patient-specific measure of
glycemic control, we considered that increased moni-
toring may lead to effective therapeutic interventions,
including improved lipid management, medications to
prevent nephropathy, and retinal therapy. Further,
accounting for the possibility that use may reflect un-
measured severity of illness, our analysis related several
measures of screening to health outcomes.

Discussion

Despite clear evidence that improved metabolic
control has a positive impact on morbidity and mortal-
ity related to diabetes, adherence to recommended
screening guidelines remains poor [7]. During the time
period of this study (1994-1998), standards of medical
care became more intensive. This may account for the
increased rates of adherence seen for HbAlc and lipid
testing, which have been particularly emphasized in
recent years. However, adherence rates of 0.4 for
HbA1lc and 0.33 for lipid testing are still substandard.
Of even greater concern are the low rates of adherence
for screening measures less well emphasized to general
physicians, such as urine testing and ophthalmologic
exam. Additionally, the adherence rates seen for urine
testing in this study are likely an overestimate since this
variable includes codes for nine tests, whetreas spot
urine microalbumin testing is the recommended
screening exam.

We acknowledge several limitations. First, we used
administrative and survey data. Although such data
offer several advantages, including being nationally
representative of the U.S. population over age 65 and
ability to track outcomes over time, detailed informa-
tion on individual patients' clinical status is lacking.
Some of the observed differences between recom-
mended and actual care might have been explained
with clinical information not available in administrative
data sets [33]. We relied on diagnostic and procedure
coding as supplied in bills from physicians and hospi-
tals to Medicare for clinical information. Second, we
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could not follow all types of screening specified in the
guidelines, such as for foot care and neurosensory
examination of the extremities. Such services were not
billed separately from the physician visit; therefore we
did not include these measures. We could not ascertain
whether specific recommendations in the guidelines
that reflect the specific clinical condition of the patient
were followed. Third, we only followed persons diag-
nosed with type 2 diabetes for five years. The latency
period for some complications of diabetes is consid-
erably longer than this [34, 35]. Our adherence meas-
ure also required that we select individuals who sur-
vived for at least five years, so we did not capture the
increased mortality associated with diabetes. Fourth,
we lacked statistical power to follow some complica-
tions. Fifth, although we controlled for endogeneity of
screening rates, our method relied on certain statistical
assumptions which the method requires.

During the time of this study, a clear trend of im-
proved adherence with screening recommendations

appears to have occurred with respect to HbAlc and
lipid testing. Likewise, the data indicate that adherence
to these guidelines was associated with reduced rates
of hospitalization. This is in agreement with other data
that indicate that increased vigilance for complications
of diabetes reduces the morbidity associated with the
disease. Although the methodology employed in this
study allowed a comprehensive assessment of use of
health maintenance parameters, these data did not
extend beyond 2000. Continued analysis of the trends
in clinical practice is necessary to demonstrate the
effectiveness of standardized guidelines for the care of
patients with diabetes.
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B Appendix

Table A1 Specification and Robustness Tests

Vascular Neurological Renal Cardiovascular Other
Adherence principal component : AGLS
coefficient -0.635 -0.223 -0.694 -0.302 -0.613
SE' (0.235) (0.179) (0.224) (0.154) (0.216)
Marginal effect’ [-0.059] [-0.042] [-0.069] [-0.095] [-0.059]
p = 0.007 p=0.214 p = 0.002 p = 0.051 p = 0.005
TSLS coefficient -0.070 -0.047 -0.097 -0.091 -0.080
SE' (0.025) (0.034) (0.026) (0.047) (0.025)
p = 0.005 p=0.168 p <0.001 p = 0.053 p = 0.001
Smith-Blundell test of exogeneity
Chi-squared (1 d.f.)* 8.711 1.244 14.026 6.779 11.537
p =0.003 p =0.265 p <0.001 p = 0.009 p < 0.001
F-test exclusion restrictions 6.240 6.240 6.240 6.240 6.240
p <0.001 p <0.001 p <0.001 p < 0.001 p < 0.001
F(11,2320) F(11,2320) F(11,2320) F(11,2320) F(11,2320)
Sample size 2341 2341 2341 2341 2341

! SE = Standard error of estimate.
2 See explanation in footnote to Table 7.
® d.f. = degrees of freedom.
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Table A2 First-Stage Regressions from TSLS Analysis

Variable Vascular
Age -0.028
(0.006)
Male -0.075
(0.052)
DM duration (not censored) 0.051
(0.015)
DM duration (left censored) 0.041
(0.018)
Censored 1984-1990 0.261
(0.095)
Censored 1991-1993 0.021
(0.143)
Dementia -0.262
(0.111)
DxCG score 0.246
(0.063)
Same complication diagnosed 0.204
before 1994 (0.052)
HMO months, 1994-1998> -0.062
(0.002)
Optometrists (per 10,000)1 0.015
(0.011)
Ophthalmologists (per 10,000)’ 0.041
(0.014)
Medicaid status -0.191
(0.066)
Medigap' -0.195
(0.077)
Rural' -0.113
(0.080)
Predicted mortality -1.026
(0.868)
Internal medicine and general -0.003
practice MDs (per 10,000) (0.002)
Years of education 0.018
(0.009)
Constant term 1.745
(0.458)
Sample size 2341
R-squared 0.364

! Dummy variables for missing education, rural, optometrists and

ophthalmologist not shown.

2 HMO months is 1994-1999 for blindness and low vision and

1994-1998 for all other specifications.

Standard errors in parentheses. First-stage regressions for other
runs are similar and are available upon request.
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