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Background: Lipid abnormalities are twice as common in patients with type 2 diabetes, and this con-
tributes substantially to their increased risk of cardiac disease. The American Diabetic Association
(ADA) has defined treatment goals for high-density lipoprotein (HDL) cholesterol (>45 mg/dL), triglyc-
eride (<200 mg/dL), and low-density lipoprotein (LDL) cholesterol (<100 mg/dL). It is unknown,
however, how frequently patients with diabetes managed in primary care settings are able to attain

these treatment goals.

Methods: We randomly selected 239 patients with type 2 diabetes and conducted a chart review to
determine whether patients had attained ADA lipid goals. We examined clinical predictors of goal

attainment using logistic regression.

Results: The number and percentage of patients who had attained ADA lipid goals was as follows:
HDL cholesterol, 87 of 207 (42.0%); LDL cholesterol, 93 of 208 (47.0%); and triglyceride, 142 of 206
(70.0%). Only 30 of 206 (14.6%) patients had achieved all 3 lipid goals. Three groups of patients with
diabetes had greater odds of achieving the LDL treatment goal: men, patients taking a lipid-lowering
drug, and patients with hypertension. Patients with diabetes had greater odds of achieving the HDL goal
if they were female, were black, or if they had lower values for body mass index and triglyceride. The
odds of achieving the triglyceride goal were greater for men, for patients having Medicare insurance
supplemented by private insurance, and for those with increasing values of HDL.

Conclusion: We found that the majority of patients with diabetes failed to attain lipid goals set forth
by the American Diabetes Association. Further study is needed in larger populations to confirm these
findings, and if confirmed, to determine the reasons that patients fail to achieve lipid goals. (J Am

Board Fam Pract 2004;17:101-7.)

Coronary artery disease (CAD) is the leading cause
of death among patients with type 2 diabetes,' and
patients with diabetes have been estimated to have
a risk of myocardial infarction similar to those who
have previously suffered myocardial infarction.?
Lipid abnormalities contribute substantially to the
increased CAD risk of patients with diabetes.’”’
Lipid abnormalities are twice as common in pa-
tients with type 2 diabetes compared with the gen-
eral population. Insulin resistance in type 2 diabetes
leads to inhibited action of lipoprotein lipase,
which tends to cause elevated triglyceride and low
levels of high-density lipoprotein (HDL) choles-
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terol. Glycemic control may improve lipid levels
but will usually not normalize them by itself.®

No study has specifically assessed the effect of
lipid lowering on CAD risk among patients with
diabetes. The only relevant findings have resulted
from subgroup analyses of other lipid lowering tri-
als. In these subgroup analyses, patients with dia-
betes have shown similar reductions in both lipid
levels and CAD risk.”'® Given the overall greater
risk of CAD for patients with diabetes, the goal
of lowering lipid levels may be particularly im-
portant.

In an attempt to improve diabetic control and
prevent diabetic complications, the American Dia-
betic Association (ADA) has defined treatment
goals for physicians managing patients with diabe-
tes mellitus."' ADA guidelines include treatment
goals for HDL cholesterol [>45 mg/dL (>1.15
mmol/L)], triglyceride [<200 mg/dL (<2.30
mmol/L)], and low-density lipoprotein (LDL) cho-
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lesterol [<100 mg/dL (=2.60 mmol/L)]. It is un-
known, however, how frequently patients with di-
abetes managed in primary care settings are able to
attain these treatment goals. Because primary care
physicians, rather than specialists, provide the ma-
jority of care to persons with diabetes, it is impor-
tant to understand the effectiveness of diabetic care
provided in primary care settings. This study was
conducted, therefore, to determine the frequency
with which patients with diabetes managed in an
academic family practice clinic had achieved ADA
treatment goals for lipids and to determine the
clinical predictors of successfully reaching ADA
goals. This information may be useful when devel-
oping quality improvement interventions.

Methods

"This study was conducted at a university primary
care clinic in Tampa, Florida. Ten board-certified
family physicians, 4 advanced registered nurse
practitioners, and a physician’s assistant staff the
clinic. The clinic provides more than 20,000 pri-
mary care patient visits each year. Attending phy-
sicians and staff provide all patient care. Residents
do not provide patient care at the primary care
clinic.

We used the computerized scheduling/billing
database to identify all patients seen from March
1999 to March 2001 who had a diagnosis of diabe-
tes mellitus (n = 581). We used the following
International Classification of Diseases 9th Revi-
sion codes to identify patients diagnosed with dia-
betes: 250.00 to 250.01, 250.02, 250.03, 250.8, and
250.9. Using this as our sampling frame, we
randomly selected 239 patients for study using a
list of computer-generated random numbers. This
method ensured that all patients with diabetes
within the practice population had an equal prob-
ability of being included in the sample. Because
treatment issues differ substantally for patients
with type ldiabetes, and because their number was
limited in our sample, we excluded 21 patients
whose medical record indicated a diagnosis of type
1 diabetes mellitus. The remaining 218 patients
who had a diagnosis of type 2 diabetes mellitus
constituted our final study sample.

The clinical course and laboratory analyses of
218 patients with type 2 diabetes mellitus during
the years 1999 to 2001 were abstracted from a

structured review of the medical record. The fol-
lowing information was abstracted: sociodemo-
graphic characteristics (age, gender, race/ethnicity,
marital status, education level, health insurance),
chronic medical conditions other than diabetes,
most recent body mass index, current medications
used, smoking status (current, former, never), total
number of visits to family physicians and nonphy-
sician providers (advanced registered nurse practi-
tioners, physician’s assistants) in the previous year,
systolic and diastolic blood pressures, and most
recent laboratory results (including HDL, LDL,
triglyceride, and hemoglobin A, ).

We measured comorbidity of patients with dia-
betes using the Charlson Comorbidity Index.'?
The Charlson Comorbidity Index is not an exhaus-
tive list of all possible comorbid conditions; rather,
it is a weighted index of 19 selected categories of
disease that have been found to be associated with
mortality and other important health outcomes.
Charlson comorbid conditions (and their corre-
sponding weightings) include myocardial infarc-
tion,! congestive heart failure,' peripheral vascular
disease,’ cerebral vascular disease,! dementia,’
chronic pulmonary disease,' connective tissue dis-
ease,! peptic ulcer disease,’ mild liver disease,'
moderate/severe liver disease,® diabetes without
complications,' diabetes with complications,’
hemiplegia,” renal disease,” and acquired immuno-
deficiency syndrome.® Increasing scores on the
Charlson Comorbidity Index reflect an increasing
burden of comorbid conditions.'*~'*

We examined the most recent laboratory results
available in the medical record to determine
whether patients had met each of the 3 ADA treat-
ment goals for lipids [HDL cholesterol >45 mg/dL
(>1.15 mmol/L), triglyceride <200 mg/dL (<2.30
mmol/L), and LDL <100 mg/dL (=2.60 mml/L)].
We examined clinical predictors of having achieved
lipid goals using the x? test or ¢ test as appropriate.
We explored multivariate predictors of having
achieved lipid goals using multiple logistic regres-
sions. Separate models were developed for each
lipid measure (HDL, LDL, triglyceride). All clini-
cal predictor variables were eligible for inclusion in
logistic models. Final models consisted of predic-
tors that remained statistically significant at the
0.05 levels in a stepwise variable selection algo-
rithm. The University’s Institutional Review Board
approved this study.
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Table 1. Percentage of Patients Who Attained Lipid Treatment Goals

Percentage of Patients Attaining Goal

Clinical characteristics N (%) LDL HDL Triglycerides
Gender
Male 101 (51) 58.4* 28.9%** 74.0
Female 97 (49) 35.1 56.4 64.4
Marital Status
Married 112 (76) 50.0%** 37.6 66.4
Unmarried 36 (24) 41.9 47.8 72.2
Race/ethnicity
Black 23 (12) 34.8 75.0%* 83.3
Hispanic 20 (10) 35.0 35.0 55.0
Other 22 (11) 50.0 37.5 82.6
White 133 (67) 50.4 38.1 66.2
Insurance
Private fee-for-service 82 (41) 51.2 37.7 62.4
Private, HMO 39 (20) 41.0 41.9 61.9
Medicare + supplemental 23 (12) 34.8 56.6 91.3
Medicare alone 45 (23) 51.0 43.5 76.1
Other 444 40.0 70.0
Smoking status
Nonsmoker 180 (95) 46.7 42.6 69.5
Smoker 0.0 36.8 63.2
Education
Less than high school 52 (26) 36.5 40.7* 64.8
High school graduate 67 (34) 49.3 54.9 71.4
Post high school 79 (40) 51.9 31.7 69.5
Patient received patient education
Yes 127 (64) 46.5 42.1 68.4
No 71 (36) 47.9 41.9 69.9
Patient taking ACE inhibitor or receptor blocker
Yes 100 (51) 53.0 38.6 73.3
No 98 (49) 40.8 45.3 64.8
Patients taking lipid-lowering drug
Yes 81 (41) 65.4* 34.9 63.5
No 117 (59) 35.0 47.1 72.7
Patients taking sulfonylurea
Yes 73 (37) 46.6 43.6 654
No 125 (63) 47.2 41.1 71.1
Patients taking metformin
Yes 109 (55) 48.6 38.1 63.7
No 89 (45) 44.9 46.8 75.3
Patients on insulin therapy
Yes 25 (13) 32.0 46.2 61.5
No 173 (87) 49.1 414 70.0
Patients on a thiazolidinedione
Yes 34(17) 58.8 48.6 71.4
No 164 (83) 44.5 40.7 68.4
ACE, angiotensin-converting enzyme inhibitor.
*P < .05
*P<.01
P <001
Results diabetes who were married, who were male, and

The number and percentage of patients who had
attained ADA lipid goals was as follows; HDL cho-
lesterol 87 of 207 (42.0%), LDL cholesterol 93 of
208 (47.0%), triglyceride 142 of 206 (70.0%). Only
30 of 206 (14.6%) patients had achieved all 3 lipid
goals. Clinical predictors of attaining LDL choles-
terol goals are shown in Table 1. Patients with

those who were taking statins, were more likely to
have achieved the ADA recommended LDL goal.
Patients who achieved the LDL goal were similar
to those that did not with respect to age (mean 59.4
vs 59.4 years, P = .98), number of visits in the past
year (4.5 vs 4.2 visits, P = .43), Charlson comor-
bidity scores (1.6 vs 1.7, P = .61), mean systolic
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blood pressure (141.7 versus 139.3 mm Hg, P =
.32), mean diastolic blood pressure (74.5 versus
74.8 mm Hg, P = .80), body mass index (32.9 vs
31.9, P = .31), mean number of prescription med-
ications (1.2 vs 1.2, P = .78), and most recent
hemoglobin A;. (0.079 vs 0.074, P = .16).

Patients with diabetes who were female or black
were more likely to have achieved the ADA goal for
HDL cholesterol (Table 1). The likelihood of at-
taining HDL goal varied by educational attainment
but not in a monotonic fashion. Patients with dia-
betes who achieved HDL goal were older (mean
age, 61.5 vs 57.7 years, P = .04), had lower diastolic
blood pressures (73.4 vs 76.4 mm Hg, P = .04), and
had lower average BMI (31.1 vs 33.4, P = .02) than
those who did not. Patients who achieved HDL
goals were similar to those that did not in respect to
the average number of physician visits in the pre-
vious year (4.1 vs 4.5 visits, P = .22), Charlson
comorbidity scores (1.6 vs 1.6, P = .99), mean
systolic blood pressure 142 vs 140 mm Hg, P =
.52), most recent hemoglobin A, (0.077 vs 0.077,
P = .90), and average number of prescription drugs
taken (1.2 vs 1.2, P = .99).

Patients who achieved triglyceride goals were
slightly younger than those who did not (56.1 vs
60.9 years, P = .01). Otherwise, the likelihood of
attaining ADA treatment goals for triglyceride lev-
els did not vary according to the clinical character-
istics studied (Table 1). Patients who achieved goal
were similar to those who did not in respect to
number of provider visits (4.2 vs 4.5 visits, P = .32),
comorbidity index scores (1.6 vs 1.6, P = .59),
mean systolic blood pressure (141.3 vs 140.1 mm
Hg, P = .65), mean diastolic blood pressure (74.1
vs 77.0 mm Hg, P = .07), mean BMI (32.0 vs 33.4,
P = .17), mean hemoglobin A,. value (0.077 vs
0.079, P = .50), and average number of prescrip-
tions taken (1.2 vs 1.4, P = .11).

In multivariate analysis, 3 clinical predictors of
having achieved LDL treatment goal emerged (Ta-
ble 2). Men had 2.3 times greater odds of having
achieved the LDL goal than women. Patients tak-
ing a statin and those with a history of hypertension
had greater odds of achieving LDL goals than
other patients with diabetes. Four predictors of
achieving HDL goal emerged (Table 3). Patients
with diabetes had greater odds of achieving the
HDL goal if they were female or black. The odds
of achieving the HDL goal also increased with
decreasing BMI and triglyceride values. The odds

Table 2. Logistic Regression: Clinical Predictors
of Diabetic Patients Who Attained LDL Goal
(LDL <100 mg/dL)

Odds  95% Confidence P

Clinical Predictors Ratio Interval Value
Gender
Male 233 1.21-4.51 .01
Female 1.00
Patient taking a statin
Yes 3.48 1.78-6.83 .0003
No 1.00
History of
hypertension
Yes 2.57 1.26-5.23 .009
No 1.00

of achieving triglyceride goal were greater for men,
for patients having Medicare insurance plus private
insurance, and with increasing values of HDL

(Table 4).

Discussion

We found that less than half of patients with dia-
betes had achieved ADA recommended treatment
goals for LDL or HDL cholesterol. In the diabetic
patient population studied, there was a clear gap
between goals put forth in guidelines and outcomes
achieved in clinical practice. The reasons that pa-
tients with diabetes in our sample failed to achieve
lipid goals are not known. In previous studies, phy-
sicians have offered a number of explanations for
why care has deviated from guidelines, including
patient factors, system issues, simple oversights,
and disagreement with the guidelines.”*** Further
research is needed to better understand the barriers

Table 3. Logistic Regression: Clinical Predictors
of Diabetic Patients Who Attained HDL Goal
(HDL >45 mg/dL)

Odds 95% Confidence P

Clinical Predictors Ratio Interval Value
Gender

Male 0.18 0.08-0.39 <.0001

Female 1.00
Body mass index* 0.92 0.87-0.98 .006
Race-ethnicity

Black 5.42 1.59-18.47 .007

All others 1.00

Triglyceride level* 0.99 0.99-1.0 .006

* Odds ratios for BMI and triglyceride level reflect change in the
odds of attaining HDL goal with each unit change in BMI and
triglyceride level, respectively.
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Table 4. Logistic Regression: Clinical Predictors of
Diabetic Patients Who Attained Triglyceride Goal
(Triglycerides <200 mg/dL)

Odds 95% Confidence P

Clinical Predictors Ratio Interval Value
Gender
Male 3.22 1.46-7.11 .004
Female 1.00
Health insurance
Medicare + supplement 5.70 1.16-27.97 .03
All other types 1.00
HDL* 1.08 1.04-1.12 <.0001

*Odds ratio for HDL indicates the change in the odds of
attaining triglyceride goal with each unit change in HDL.

to attaining lipid goals and to guide the develop-
ment of interventions to improve care. Interven-
tions that include a pharmacist working in con-
junction with the treating physician have been
successful in attaining lipid goals in other settings
and may be one promising approach for patients
with diabetes managed in primary care.””*®

Our results are similar to findings reported in
the Lipid Treatment Assessment Project (LTAP), a
study of 4888 patients with dyslipidemia.'> In the
LTAP study, only 38% of adult patients with dys-
lipidemia achieved the LDL goal specified by the
National Cholesterol Education Program (NCEP).
Patients with diabetes mellitus in the LTAP study
were only slightly more likely to have achieved
NCEP goals for LDL cholesterol (41%) than were
patients without diabetes. Most other studies as-
sessing LDL goal attainment have been conducted
among patients having myocardial infarction or ex-
isting coronary artery disease. Even in these high-
risk groups, most studies have shown the majority
of patients fail to achieve the LDL treatment goals
specified by NCEP.'¢~!#

Patients with diabetes taking a lipid-lowering
drug were more than 3 times as likely to have
achieved the LDL goal specified by the ADA. Pre-
vious studies, however, have found that even
among patients using a lipid-lowering drug, many
do not achieve the LDL cholesterol goal'”*’;

one study, the majority of patients who were cur-

in

rently using a lipid-lowering drug had not achieved
goal.?! In almost all cases, patients were not taking
the maximum drug dose, suggesting that inade-
quate dosing may be one explanation for failure to
achieve goal.

Men and patients with a history of hypertension
were more likely to have achieved the LDL goal, a
finding that was also reported in the LTAP study.
The reasons for this are not clear but may indicate
that physicians are more aggressive with lipid man-
agement in the face of these additional risk factors.
There may be other explanations, however, because
in the LTAP study, patients with risk factors such
as a family history of CAD or smoking were not
more likely to have achieved the goal. In our study,
there were too few diabetic smokers or patients
with a family history of CAD to examine whether
these groups were more likely to have reached lipid
goals. Then again, male patients or those with
hypertension may be more aware of the need for
lipid management and may more aggressively pur-
sue its treatment.

Even fewer (42.0%) patients with diabetes had
reached the ADA treatment goal for HDL choles-
terol. Being female, black, having lower BMI, and
having lower triglyceride were all clinical predic-
tors of successfully attaining the HDL goal. The
HDL goal may be more difficult to achieve because
many commonly used lipid-lowering drugs are
more effective at lowering LDL cholesterol than
they are at raising HDL cholesterol.”® In addition,
diabetes-related inhibition of lipoprotein lipase of-
ten leads to elevated levels of triglyceride and re-
duced levels of HDL cholesterol, which may persist
even with good glycemic control.??

There are several limitations to our study. This
study was limited to an academic practice setting
that may be different from community practice
settings. We examined the attainment of lipid goals
at a single point in time, and it is possible that some
patients had attained goals in the past or would
attain treatment goals in the future. We did not
have information on the quantity or quality of
lipid-related patient education that was provided to
patients. We also did not have information on the
extent to which patients pursued nonpharmaco-
logic therapies or the extent to which patients com-
plied with physician recommended therapies. Out
study also did not take into account other medica-
tions that may affect lipids (diuretics, B-blockers).
We examined care that occurred when guidelines
published by NCEP II and the ADA were well
known to physicians. For LDL, the treatment goals
differ between the 2 guidelines, and it is possible
that some physicians were striving for the less strin-
gent goal of 130 mg/dL recommended by NCEP
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II. We also did not have information on other
providers of diabetic care (endocrinologists for ex-
ample), so we could not assess their effect on out-
comes. Finally, treatment guidelines are not static
but continue to be updated (ie, NCEP III). For
example, NCEP III now specifies a triglyceride
treatment goal of <150 mg/dL, which only 50% of
our sample would have met.

In conclusion, we found that the majority of
patients with diabetes studied failed to attain lipid
goals set forth by the American Diabetes Associa-
tion. Failing to increase the dose of lipid-lowering
medications may be one reason that patients with
diabetes are failing to reach treatment goals. More
detailed studies are required to discern the reasons
that treatment goals are not attained and to guide
interventions to improve diabetic care.
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