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Abstract
Objective—Diabetes care has become increasingly complex. We set out to quantify recent trends
in the complexity of medication regimens and test ordering for diabetes patients continuously
enrolled in health plans affiliated with a large, regional US health maintenance organization, with
representation in the South and Midwest.

Research design and methods—We provide descriptive trends analysis of overall diabetes care
complexity (number of components [i.e., glucose, blood pressure, cholesterol control], number of
medications/tests) from 1995 to 2003 for adults with diabetes (N = 304233).

Main outcome measures—The main outcomes were (1) the proportion of patients receiving
diabetes-related medications (blood glucose, blood pressure, and cholesterol control agents), (2) the
average number of medications, (3) the proportion of patients receiving diabetes-related tests
(glycosylated hemoglobin [HbA1c], urine microalbumin, and serum cholesterol), (4) and the average
number of tests ordered within the first year that a patient had any indication of diabetes.

Results—The proportion of patients on cholesterol lowering drugs (18% → 39%, p < 0.01) and
blood pressure lowering drugs (51% → 62%, p = 0.04) rose significantly, while the proportion on
glucose lowering drugs fell (76% → 47%, p < 0.01). Among patients prescribed medications, the
average total number of diabetes-related medications rose from 2.96 to 3.70 medications (p < 0.01)
with smaller increases seen for glucose lowering (1.45 → 1.65, p < 0.01) and blood pressure lowering
regimens (2.14 → 2.51, p < 0.01), and no change for cholesterol lowering drugs (1.23 → 1.19, p =
0.19). For laboratory tests, the proportion receiving cholesterol (40% → 58%), and urine
microalbumin (4% → 18%) (all p’s < 0.01) rose significantly, while the testing rates for HbA1c
remained unchanged. The average total number of tests ordered per year increased significantly from
3.34 to 4.10 (p < 0.01) with more modest increases observed for individual tests.

Limitation—Trends analyses are unadjusted for many clinical characteristics that might influence
the complexity of diabetes care.

Conclusions—Diabetes care grew more complex with the largest change in the number of patients
receiving multi-component diabetes care. While the use of blood pressure and cholesterol lowering
drugs rose overall, the proportion of patients using glucose lowering drugs declined and the average
number of prescribed glucose lowering drugs did not increase in a clinically significant manner.
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Introduction
In the past decade, clinical trials have clearly illustrated the benefits of multiple components
of preventive care for patients with type 2 diabetes mellitus. In 1998, the United Kingdom
Prospective Diabetes Study published its findings regarding the benefits of intensive glucose
and blood pressure control1,2. In the same period, trials assessing the effects of cholesterol
lowering medications reported large cardiovascular benefits in diabetic patients3,4. More
recently, the STENO trial demonstrated the benefits of comprehensive diabetes care5. With
the publication of these trials, comprehensive, multi-component diabetes care has come to
include intensive control of blood pressure, cholesterol, prophylactic aspirin use, dietary
changes, and regular exercise, in addition to intensive glucose control. The notion that standard
comprehensive diabetes care includes multiple components of care beyond glucose control has
strengthened over time.

In response to this emerging data, clinical practice guidelines have recommended a more
intensive form of diabetes care with lower risk factor targets and greater frequency of risk
factor testing6-11. For blood glucose control, the target glycosylated hemoglobin A1c
(HbA1c) has been < 7% over the past 10 years and the recommended frequency of testing
increased to 1-2 times per year in 199712. For blood pressure control, the target blood pressure
changed from < 130/85 mmHg to < 130/80 mmHg in 200013,14. For serum cholesterol control,
the recommended LDL cholesterol target changed in 1999 from < 100 mg/dL in patients with
heart disease to < 100 mg/dL in all patients15. The recommendation for frequency of
cholesterol testing also became more stringent in 1997 moving from annual testing in those
with cholesterol abnormalities to annual testing for all12. In addition to changes in practice
guidelines, the comprehensive nature of diabetes care has been promoted in several prominent
national initiatives including the National Diabetes Education Program (ABCs of Diabetes)
and the Diabetes Quality Improvement Program16,17.

Each of these changes in risk factor goal recommendations and new quality improvement
initiatives encouraged greater use of medications and more frequent laboratory testing. The
complexity of routine diabetes care (i.e., the number of components of care addressed and the
number of medications/tests undertaken) has important implications for the safety and quality
of life of patients, and the quality of diabetes care. First, documenting the average number of
medications attributable to diabetes is important for public health concerns regarding
polypharmacy. New care guidelines regarding the care of older diabetes patients have
expressed specific concerns regarding the presence of more than four prescription drugs that
can increase the risk of falls, hypoglycemia, and other adverse drug events18. Furthermore,
knowledge of the average number of medications and diagnostic tests are important for
communicating with patients with new onset diabetes. As these numbers rise we may in fact
be affecting the quality of life of patients and these quality of life perceptions may be important
determinants of treatment adherence19. Second, documenting the number of medications is
important because it is an intermediate indicator of how the intensity and comprehensiveness
of diabetes management is changing. In some cases, some investigators have actually suggested
that tracking use of medication prescribing should in fact be the quality metric that physicians
are measured by given the fact that actual risk factor control is oftentimes dictated by forces
beyond the control of the physician20.
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Most descriptions of the current state of diabetes care come from the quality of care literature,
which has provided descriptions of risk factor levels achieved21-24 and the proportion of
patients receiving specific processes of care23,25-28. These studies have typically not
described the complexity of medication regimens required to achieve these risk factor levels.
A select group of studies have begun to provide evidence that treatment related to diabetes care
has grown more complex over time, but several questions remain unaddressed29,30. Neither
of these studies provides a basic description of trends in the number of medications attributable
to diabetes for individual patients over time. In the case of the National Ambulatory Medical
Care Survey, the unit of analysis is the visit and not the patient, so the comprehensiveness of
care in terms of medications and laboratory tests over time cannot be assessed. In addition, the
survey places a cap on the total number of medications that may be recorded so the average
number of medications cannot be determined. It is also unknown whether changes in the
complexity of diabetes-related medications and changes in laboratory testing have occurred
simultaneously or separately. Inaction in the face of abnormal risk factors or laboratory results
has been labeled as clinical inertia31. Finally, we do not know the extent to which these trends
in the complexity of care have varied across health plans.

We set out to address these questions by assessing recent trends in prescriptions and risk factor
testing for the period 1995-2003 using the database of a large managed care organization. We
assess changes in care for individual components of diabetes care and determine whether more
patients are receiving multi-component comprehensive care.

Patients and methods
Data source

We examined claims data for patients enrolled in a large, regional US health plan from 1995
to 2004. This large umbrella organization includes over 30 separate managed care plans and
spans the Midwest and Southern regions of the country. During the study period, there was no
special organized effort to improve diabetes care across health plans.

Study population
Our study sample was non-pregnant adults (over 18 years of age) with diabetes using the union
of HEDIS and Hebert criteria for identifying diabetes patients in administrative data32. Patients
were eligible for inclusion based on ICD-9 codes (250-250.93, 357.2, 362-362.03, 366.41,
648.0) or use of any glucose lowering drugs32. Patients were excluded if they had any of the
following ICD-9 codes (255.0, 256.4, 577.8, 648.8) or had an indication of steroid use. The
patients were grouped in separate calendar year cohorts depending on the first date when they
were identified as having diabetes. This date was defined as their first utilization date. Patients
were then followed for a period of 1 year starting from their first utilization date. Therefore,
we had nine cohorts corresponding to calendar years 1995-2003.

Outcomes of interest
We studied trends in both medication use and laboratory test ordering. Medication use was
defined by prescriptions filled over the course of a year. For medications, we assessed the
proportion of patient receiving glucose, blood pressure, and cholesterol lowering medications.
In addition, we evaluated trends in the average number of distinct medications, in total and for
each of the three categories of medications [i.e., (1) glucose, (2) blood pressure, (3) cholesterol
lowering], prescribed to patients for the 1 year after their initial utilization of services. When
counting medications, we could not distinguish between switches or additions of medications.
We developed a comprehensive list of medications from quarterly National Drug Code
directories for the period of interest. This listing of medications was compared with a list of
unique medications prescribed to the plan’s diabetes patients to ensure no generic or brand
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names of drugs were missed. Individual glucose, blood pressure, and cholesterol medications
were categorized by mode of action as defined by the NDC. Combination drugs were counted
as individual agents for this analysis. Each form of insulin (e.g., Regular vs. Lantus) was
categorized as an individual agent.

For laboratory tests, we tracked the proportion of eligible patients receiving different tests as
well as the average number of tests ordered in the year following initial utilization of services.
Specifically, we tracked (1) HbA1c (CPT code 83036), (2) any form of cholesterol testing [CPT
codes: lipid panel (80061) or individual cholesterol elements: total cholesterol (82465) or LDL
cholesterol (83721) or HDL cholesterol (83718) or triglycerides (84478)], and (3) urine
microalbumin testing (CPT code 82043 or 82044).

Finally, we assessed trends in the proportion of patients receiving only medications, only
laboratory tests, or both medications and laboratory tests related to diabetes.

Analysis
We present connected plots of the adjusted mean of the outcome variables over time illustrating
the trend of diabetes care in this sample. The means were adjusted for age, age-squared, female,
and interactions of female with age variable using random coefficient models where both the
intercept and the coefficient on the time variable were specified as random, accounting for
clustering of observations within managed care plans. The age-squared and the gender-age
interaction terms were included in models in order to improve the precision of our time trend
analysis. Clustering within plans was accounted for in an attempt to minimize the contribution
that individual health plans might have had on secular trends. We tested to see if these trends
were statistically significant. These tests were based on the estimated coefficients on the time
variable in our random coefficient models. We also conducted unadjusted time trend analyses
for the five largest and five smallest managed care plans for each of the outcomes of interest.
All analyses of the UCHP data were undertaken after IRB approval from the University of
Chicago.

Results
We identified a total of 304 233 patients with diabetes over all the years. The number of subjects
varied from year to year, reflecting both changes in the number of newly diagnosed patients
with diabetes and changes in health plan affiliation. The mean age of patients was 57 years of
age and 46-52% of patients were women (Table 1). The proportion of diabetes patients on any
medication related to glucose, blood pressure, and cholesterol control fell slightly between
1995 and 2003 (p = 0.0182) from 82% to 74%. For individual classes of drugs, the proportion
of patients on glucose lowering medicines (76% → 47%, p-value < 0.001) declined, while the
proportion of patients receiving blood pressure (51% → 62%, p = 0.04) and cholesterol
lowering drugs (17.5% → 39%, p < 0.001) increased significantly over this period [Figure 1
(A)]. The rate of decline in the receipt of any diabetes-related medications (8%) was slightly
higher than the difference in the rate of decline for glucose lowering drugs and the sum of the
rates of increase for the cholesterol and blood pressure drugs (3.5%). This suggests that despite
the decline in the overall use of any diabetes related drugs over time, patients with diabetes
were receiving treatments for more components of diabetes care. This is supported by the fact
that the adjusted proportion of patients receiving all three components of diabetes drugs
increased from 13% to 22% (p < 0.001) over this time.

Conditional on any usage of a specific class of medication, the number of specific medications
taken by patients did increase significantly for glucose lowering (1.45 → 1.65, p-value <
0.0001) and blood pressure lowering medications (2.14 → 2.51, p-value < 0.0001), but not for
cholesterol lowering medications (1.23 → 1.19, p-value = 0.187) [Figure 1(B)]. Among
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patients with any diabetes-related medication, the average total number of medications rose
significantly from 2.96 medications to 3.70 medications (p-value < 0.0001). The growth rate
in the total number of medications prescribed was faster than the increase in the number of
medications for individual components of care.

The proportion of diabetes patients receiving any of the three tests studied did rise between
1995 and 2003 but the increase was not statistically significant (63% → 66%, p = 0.125) [Figure
2(A)]. However, significant increases were seen for the proportion of patients receiving a test
for urine microalbuminuria (3.9% → 17.7%, p < 0.001) or a test for cholesterol levels (40%
→ 58%, p < 0.001) [Figure 2(A)]. The proportion of patients receiving a HbA1c test remained
fairly constant at around 52% over this period (p-value = 0.812). Again, the rate of increase in
the receipt of any diabetes-related test was lower than the sum of the rate of increases for the
individual components. This is a comparison of the change in the observed total number of
tests with the estimated change based on observations of individual tests. The difference in
these numbers indicates that the growth in the number of patients receiving multiple tests was
larger than the growth in the overall number of patients receiving any individual test over this
time period. This is supported by the fact that the adjusted proportion of patients receiving all
three component of diabetes tests increased from 12% to 30% (p < 0.001) over this time.

Conditional on the receipt of any specific test, the average number of that specific test received
by the diabetic patients within a year increased significantly for urine microalbuminuria (1.29
→ 1.53, p-value = 0.003) and cholesterol levels (1.91 → 2.10, p-value =0.003) but not for
HbA1c (2.37 → 2.42, p-value = 0.474). The increase in the total number of tests given the
receipt of any test during the first year of enrollment was also significant (3.34 → 4.10, p-value
< 0.001). The growth rate in the total number of tests given the receipt of any test was faster
than that of any of the individual tests, again indicating that the growth in the number of patients
receiving multiple tests was larger than the growth in the number of times patients received
any individual test during the year of observation.

We find variability in the time trends for medication usage and laboratory testing across the
managed care plans. This is first illustrated in Figure 3(A) where we plot the time trends of
any medication usage for the five largest and the five smallest managed care plans. Any
medication usage showed less variability in the baseline rates but more variability in the time
trends across the managed care plans. Unlike medication usage, for laboratory test usage there
was marked heterogeneity at the baseline across HMOs but less heterogeneity among health
centers over time. This is illustrated in Figure 3(B) where we plot the unadjusted time trends
of any test usage for the five largest and the five smallest managed care plans.

Finally, in terms of over-arching care trends, we found that the proportion of patients receiving
at least one drug or one laboratory test declined slightly from 91.5% in 1995 to 90% in 2003
(p-value = 0.765) (Figure 4). This decline was mainly due to the decline in the proportion of
patients who had at least one drug but no tests (29-24%, p = 0.01), but partially recovered by
the growth in the proportion of patients who had at least one test but no drugs (10% → 16%,
p = 0.07). The changes in the other factions of the population, i.e., those who had at least one
test and at least one drug was insignificant (52% → 50%, p = 0.974).

Discussion
Our study illustrates that the proportion of diabetes patients receiving multi-component
diabetes care increased from 1995 to 2003 in the health plans of a large managed care
organization. Among patients who received medications or laboratory tests, the average
number of medications prescribed and the average number of laboratory tests ordered in 1 year
of follow-up increased significantly. These changes are largely attributable to enhanced
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management of multiple components of diabetes care and less so to changes in the number of
medications or tests used to address individual components of care. For example, the total
number of medications prescribed related to diabetes increased significantly over the 8 years,
while increases in the number of glucose and blood pressure control medications prescribed
were modest. Similar patterns were observed for laboratory testing as well.

While more patients received multi-component diabetes care over time, we found divergent
trends for treatment and testing related to cholesterol, blood pressure, and glucose control. The
proportion of patients receiving treatments related to cholesterol and blood pressure
management increased steadily over time, as did the proportion receiving cholesterol and urine
microalbumin tests. Conversely, the proportion of individuals treated with glucose lowering
medications declined, the percentage receiving HbA1c tests remained unchanged, and the
frequency of HbA1c testing was stagnant. The decline in the proportion of patients on glucose
lowering medications is inconsistent with what would be expected from recent care
recommendations for glucose control. The observed decline may have several contributing
factors. First, patients in the earlier years of our managed care dataset may have actually been
individuals with established diabetes and, therefore, may have been on more glucose lowering
medications. In the later years, as we had more years to follow patients within the health plan,
patients may have been at or near the time of diagnosis and these patients may have been treated
with diet and exercise alone. If this scenario is the case, then diabetes patients are being more
aggressively treated with blood pressure and cholesterol lowering medications at an earlier
stage of the disease. A second possibility is that some of these patients in later years may
actually have been individuals at risk of having diabetes and may have been merely tested for
diabetes. This type of misidentification would be attributable to an increase in screening for
diabetes over time. If this scenario is the case, then patients at risk for diabetes are also being
more aggressively treated with blood pressure and cholesterol lowering medications.

These results add greater depth to the picture of diabetes treatment complexity provided by
previous studies. Our documentation of a rise in the proportion of patients using cholesterol
lowering and blood pressure lowering drugs across multiple health plans is consistent with
those of other studies29,30. A study of the National Ambulatory Medical Care Survey
(NAMCS) from 1991 to 2000 found that the proportion of visits for diabetes patients associated
with cholesterol lowering medications (4.1% → 17.3%) or blood pressure medications (35.9%
→ 42.3%) increased29. An analysis of data of two managed care plans also found increases
in the proportion of patients using cholesterol lowering drugs and angiotensin-converting
enzyme inhibitors30. On the other hand, our findings related to glucose lowering treatments
diverge somewhat from prior reports. The NAMCS study reported a slight increase in the
proportion of patients taking glucose lowering drugs. In contrast, we found a steep decline in
the proportion on glucose lowering medications. Again, this decline in the proportion on
glucose lowering medications may be attributable to the nature of our dataset and our approach
to diabetes case finding.

Our study also provides new evidence that diabetes care trends do vary across health care
settings for both drug and laboratory test utilization. Among our study health plans, initial
baseline utilization of medications was similar across plans but diverged over time. Laboratory
testing rates became less heterogeneous over time but still varied qualitatively. It is also
important to note that the overall proportion of patients in our study health plans receiving
HbA1c tests (52%) differed significantly from rates observed in contemporaneous studies.
Among Medicare beneficiaries, 71% of patients had a HbA1c test in the period 1997-199927.
In the TRIAD study, Veterans Affairs patients had a testing rate of 93% and managed care
patients had a testing rate of 83% during the period 2000-200128. Differences in drug and
laboratory test utilization may reflect differences in the populations but more likely reflect

Huang et al. Page 6

Curr Med Res Opin. Author manuscript; available in PMC 2008 May 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



differences in the health care environments, where quality of diabetes care and efforts to
standardize and improve diabetes care may be dramatically different.

The changes in diabetes care that we observed in this managed care organization are a reflection
of secular trends. It is striking to note that in this care setting that clear changes occurred with
regard to cholesterol and blood pressure management with little or no change in glucose control
management. Since no coordinated intervention was in place to encourage cardiovascular
prevention for diabetes patients among these health plans, the observed care trends suggest
that public health efforts including multiple new care guidelines may have had an affect on
daily practice13,17,33. At the same time, it is possible that glucose control management did
not receive adequate attention without the presence of a coordinated diabetes quality
improvement program. The inconsistent nature of these care trends indicates the importance
of continuing to improve diabetes care in a comprehensive manner in order to meet multiple
goals set by care guidelines and performance measures8,17.

There are several limitations of this study. Prescribing of medications and the use of laboratory
tests are crude measures of what represents comprehensive diabetes care or care complexity.
A mere count of the number of medications does not acknowledge differences between insulin
and oral medications; we plan to account for this in future analyses. In addition, daily diet and
exercise, routine glucose monitoring, as well as routine visits with specialists such as
ophthalmologists, podiatrists, and dieticians are services that were not specifically examined
here. We also did not have access to actual risk factor levels, which are important for judging
the quality of diabetes care received. However, the purpose of our study was not to assess the
quality of diabetes care per se, but to describe the dissemination of medical technology related
to diabetes. Our trends are also unadjusted for many clinical characteristics that might influence
the nature of diabetes care. However, there were no specific changes in the health plan’s
enrollment policy that would have led to systematic changes in the demographic characteristics
of enrolled patients. Lastly, despite the regional representation of our study, our results may
not be generalizable to the overall population of patients with diabetes mellitus in the United
States because all of our patients were insured in managed care plans that had a drug benefit
program.

The emergence of new clinical trial data regarding the benefits of various components of
diabetes care have resulted in an evolution of clinical practice recommendations for diabetes
care. These recommendations essentially call for greater use of medications and laboratory
tests and our study illustrates that the proportion of diabetes patients receiving medications or
laboratory tests across multiple components of care has increased, while the intensity of care
for individual components of care has changed less so. In the case of medications, the current
average number of four medications is already at or near the threshold for increased risks of
falls, hypoglycemia, and other adverse drug events. This is a particular concern for elderly
patients. As care for diabetes continues to evolve, it is important to consider issues of treatment
complexity as they may impact the quality of life of the large numbers of individuals living
with diabetes and the routine costs of caring for such patients.

Conclusions
The proportion of diabetes patients receiving multi-component diabetes care increased in the
last decade in a large managed care organization. Among patients who received diabetes-
related care, the average number of medications prescribed increased from 2.96 to 3.70
medications and the average number of laboratory tests ordered in 1 year of follow-up increased
from 3.34 to 4.10 tests. More patients appear to be receiving multi-component diabetes care,
which may decrease important complications but may also increase the daily burdens of routine
diabetes care.
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Figure 1.
Adjusted trends in (A) the proportion of patients with any or specific types of diabetes drugs,
and (B) the total number of diabetes related drugs conditional on any use of drugs (adjusted
for age, age-squared, female and interactions of female with age variables)
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Figure 2.
Adjusted trends in (A) the proportion of patients with any or specific types of laboratory tests,
and (B) the total number of tests conditional on any use of tests (adjusted for age, age-squared,
female and interactions of female with age variables)
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Figure 3.
Unadjusted trends in the use of (A) any drugs and (B) any tests for the five smallest and five
largest managed care plans

Huang et al. Page 12

Curr Med Res Opin. Author manuscript; available in PMC 2008 May 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Complexity of diabetes care over time (adjusted for age, age-squared, female and interactions
of female with age variables)
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Table 1
Population characteristics

Cohort Total number of patients Age (years) mean (sd) Percentage of females

All 304 233 56.7 (14.3) 49.7%
1995 14 331 54.4 (12.3) 46.6%
1996 19 955 56.2 (13.3) 47.5%
1997 33 205 57.9 (13.9) 49.4%
1998 51 239 56.5 (14.5) 49.7%
1999 48 196 55.3 (14.5) 50.4%
2000 74 846 58.4 (14.9) 50.8%
2001 13 889 56.8 (12.7) 46.4%
2002 35 826 54.6 (14.1) 49.5%
2003 12 746 58.8 (14.5) 51.8%
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