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espite randomized trials repeatedly

showing the benefits of lowering

LDL cholesterol with hydroxy-
methylglutaryl (HMG)-CoA reductase in-
hibitors (statins) (1-3), these medications
are suboptimally used in type 2 diabetes
(4-10). Although this care gap in type 2
diabetes has been frequently described in
cross-sectional studies (6-11), it may be
as informative to understand LDL control
over time. In particular, there is growing
recognition of care gaps in diabetes when
comparing urban and academic settings
with rural settings (11,12). Therefore, we
examined changes over an 18-month
period for adherence to guideline-
recommended LDL cholesterol targets in
a rural cohort with type 2 diabetes and
determined the rates and correlates of 1)
losing control of LDL cholesterol in those
who were initially at target and 2) achiev-
ing control of LDL cholesterol in those
who were not initially at target.

RESEARCH DESIGN AND

METHODS — The Diabetes Outreach
Van Enhancement (DOVE) study was a
controlled trial of a multifaceted interven-
tion directed at health care providers to
improve the quality of care for rural pa-
tients with type 2 diabetes in northern Al-
berta, Canada. The intervention consisted
of an educational outreach (“academic de-
tailing”) service, whereby specialist phy-

sicians promoted aggressive cardiovascular
risk reduction for diabetes to primary care
physicians. The study rationale, design,
and outcomes have been previously pub-
lished (12-16). All subjects provided
written consent, and the study was ap-
proved by the University of Alberta.

All patients had universal health care
coverage and fee-for-service primary care
physicians, with the nearest specialists
being ~6 h away by vehicle. Patients were
eligible if they were aged =20 years, had
type 2 diabetes, and understood English.
They were excluded for shortened life ex-
pectancy or inability to consent. Data
were collected from 2000 through 2001,
and patients were assessed at baseline and
18 months. Clinical data were collected
by in-person interviews and physical as-
sessments, while laboratory measure-
ments were drawn locally and analyzed in
one central laboratory.

Primary outcomes were defined ac-
cording to LDL cholesterol levels <2.5
mmol/l, which was the target recom-
mended during the study (12-14,17). To
explore independent correlates of guide-
line adherence, three multivariable logis-
tic regression analyses were built using
Stata (version 8.2; StataCorp, College Sta-
tion, TX). The first model represented
LDL guideline adherence at baseline; the
second, loss of LDL control among those
well controlled at baseline; and the third,
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new achievement of LDL guideline adher-
ence over 18 months among those not
controlled at baseline. The educational in-
tervention had no effect on lipid levels or
lipid-lowering medications (14-16), but
we adjusted for it in all analyses. Other-
wise, candidate variables had to have a
univariate significance of at least P < 0.1
and a multivariate significance of P < 0.05.

RESULTS — Overall, 393 patients with
type 2 diabetes were enrolled, and 346
(88%) had complete data for these analy-
ses. Patient-level characteristics, accord-
ing to LDL target status over time, are
displayed in Table 1. At baseline, 216 pa-
tients (62%) were not at LDL targets. In a
cross-sectional multivariable model, in-
dependent correlates of LDL >2.5
mmol/l were older age (P = 0.014) and
not using lipid-lowering medications (ad-
justed odds ratio 2.1 [95% CI 1.2-3.6],
P =0.013).

After 18 months, 80% (n = 278) of
the study population was not at recom-
mended LDL targets. Of the 130 patients
who had met targets at baseline, 83 (64%)
lost control of LDL cholesterol over 18
months (Table 1). The variables indepen-
dently associated with loss of LDL control
were younger age (P = 0.026) and better
education (P = 0.041) (Table 1).

Of the 216 patients not at LDL targets
at study entry, 195 (90%) never achieved
recommended LDL levels over 18 months
(Table 1). In multivariable analyses, the
only independent correlate of achieving
LDL <2.5 mmol/l was starting lipid-
lowering medication (adjusted odds ratio
9.2 [95% CI 3.5-24.2], P < 0.0001).

CONCLUSIONS — Nearly two-thirds
of rural patients with a median duration
of type 2 diabetes of 5 years were not at
guideline-recommended targets for LDL
cholesterol at the start of our study, and
18 months later, nonadherence with LDL
targets had actually risen to 80%. This oc-
curred in the context of their health care
providers being exposed to an educa-
tional intervention during this period that
was intended to help improve cardiovas-
cular risk management.

2506

D1aBETES CARE, VOLUME 29, NUMBER 11, NovEMBER 2006



]
Rucker and Associates

_ 5 J e AN o=} B Q) =~
To our knowle'dge, the only compa ;§ v EEYE Tz e 0::11 7% |2 5
rable study examining temporal trends in Felegsgal 28 v ZE35858 Y |3 =
L. . . . = = =2 AL = o o [~
hyperlipidemia management in type 2 di- &3 % 822 3 % CNs 2 St (\"/ &g |7 >|—'
o o= = ] =
abetes was conducted by Mehler et al. 58|~ 5253 a SEETe8 3|2 N
2 = 2 I © | =
(18), who demonstrated a stable nonad- g 0 & % g &3 =5 29 7 |3 g
. o o R - =09 8§ & =) 2
herence rate to lipid guidelines of ~50% =9 R z S E 2
. . < 1] =g
over 5 years; specific losses or gains of ad- g o £ 5 § @ o g g
e = = >
herence were not reported. Similar to our 3;8 < OS e S = §
. . . o =5 o
baseline findings, other cross-sectional 5 § I 5 5 Z
. o
studies have shown nonadherence to LDL 8¢ T < a
. . . o/ - = 2. e) rv X
guidelines ranging from 50 to 80% in Ca- -2 =~ & &)
. . 12
nadian (6), Australian (7), and U.S. (8—11) ﬂ: o < =
A = =
populations. Our results suggest that cross- e g
. L . . o = w w5 ~ = =4
sectional studies likely overestimate quality =y DR D = 5 Z &
{ =012 2Z = ~ —ononwo o |[HE S s
Ol care. 8a>>4: + 1+ I+ v+ oo £ oSO Ng D §
. . — -~ 2
Recently, it has been suggested that it Z5 S2e T o @ o
may be more useful to promote absolute | & & =
reductions in LDL cholesterol rather than b o gl S s _ 2|7 iy
. . o = O = O - Iy =
unattainable LDL targets, given that there Solzzw » NN W U =g s S
. . ; : RPN FtHHFEHtu—s00S (w1 a |3 =
is a 20% reduction in major coronary = e e w8 3
events for every 1-mmol reduction in LDL 82 + < ~ ! 2
irrespective of initial LDL levels (2). Using 5 a g 8
. 0
this approach, only 12% of our popula- g & » — z |8 s
tion achieved a 1-mmol LDL reduction g2 = *1e el o
. S ol Z = — |22 2 |2 -
over 18 months, suggesting even modest ol 13< S T T T Y O RSO a8 < <5 S
. : . 5 2
improvements are not being achieved. Zc b L8 g g
. . o . — K * —
This could be explained by physician g8 2 & o 3
chart audits, which suggest that 4% of %8 3
o . . . . o =
dyslipidemic patients are treated with v g 3
. . — —
maximal doses of statins and even fewer g e o =L Z &
. . . . = I~
are treated with combination regimens FloTd HHHIHRISRERNND £0§ 8 -
(19). Conversely, physicians themselves M SO = &7 =0 .
. . \Y, U oo © S N7 ~ |5 =5
cite patient adherence as the most com- ) C2) g
mon barrier to attaining LDL targets (20). 7 — 8 2
. R . = oW ~ < > | = ]
Clearly, this example of clinical inertiais a - wo X & 5 2|2 3
. . =} Ut~ ut Eekrwo [ 5 2|3 =
systems problem, with barriers (and po- Elo~w= HHHEIHvoooocx® | K& 2 =
. . . O O N -
tential solutions) at multiple levels (21). & - c7a B %8
This study had several limitations. 8 = A
First, we did not have information regard- g > N
ing doses of, or adherence to, lipid- S . & i ;"
. . . . ) =
lowering medications. Second, we did not 2l o SN INE R E
collect data about changes in diet and life- sl v et A= g =
_ : : 2 0 N N
style. Third, since patients were volun- ° e g © 8
teers, our results may overestimate rates 5l e & 2 3
. . . =}
of achieving LDL targets and underesti- =2 = ]
. © ® =3
=
mate losses Qf LDL control. Fourth, given = Mw . o S
how few patients’ LDL levels changed (for % RS IR g B = g
- 2 E HHHIHuBEINE | 2 = | &
better or worse) over time, we were under- g + 0 o o o ~ L o o twwo | 8B g % o
: : o« ~N 75 <
powered to determine all factors potentially 5 LWr N = @ ok 3
associated with guideline adherence. = & | 5
Last, we examined rural patients in one 5 g2 3
. . = w k’: ~ —~ = )
Canadian province, and our results may c PP N Sg S =
. . = =
not be generalizable to urban populations sl & HHHEHAREEISE e g = z
or to other nations. 8 SoS g AN o2 by
o © IS
In summary, we found that target 2 - =
. =
LDL cholesterol levels are rarely attained =3 I 3
and, even when achieved, are all too easily § z o |- Z = S
. . ) . 2 o | =
lost in patients with type 2 diabetes. Much s PSP [V
. _ Xz 2
remains to be done to learn how to trans- X (I T A I = | > % S
late evidence into everyday clinical prac- o woo (o g
. o U o * a
tice 21). & = &

DiaBETES CARE, VOLUME 29, NUMBER 11, NOVEMBER 2006 2507



Natural history of LDL control in diabetes

Acknowledgments— This work was sup-
ported by the Canadian Diabetes Association,
the Institute of Health Economics, and the Al-
liance of Canadian Health Outcomes Re-
searchers in Diabetes (funded by the Canadian
Institutes of Health Research [CIHR] and its
partners). D.R. is supported by the SCOLAR
Training Program funded by CIHR and its
partners. J.A.J. holds a Canada Research Chair
and receives salary support from the Alberta
Heritage Foundation for Medical Research
(AHFMR). D.T.E. receives salary support from
AHFMR. S.H.S. receives salary support from
CIHR. S.R.M. receives salary support from
AHFMR and from CIHR.

References

1.

Pyorala K, Pedersen TR, Kjekshus J,
Faergeman O, Olsson AG, Thorgeirsson
G: Cholesterol lowering with simvastatin
improves prognosis of diabetic patients
with coronary heart disease: a subgroup
analysis of the Scandinavian Simvastatin
Survival Study (4S). Diabetes Care 20:
614-620, 1997

. Baigent C, Keech A, Kearney PM, Black-

well L, Buck G, Pollicino C, Kirby A, Sour-
jina T, Peto R, Collins R, Simes R: Efficacy
and safety of cholesterol-lowering treat-
ment: prospective meta-analysis of data
from 90,056 participants in 14 random-
ised trials of statins. Lancet 366:1267—
1278, 2005

. Vijan S, Hayward RA: Pharmacologic lip-

id-lowering therapy in type 2 diabetes
mellitus: background paper for the Amer-
ican College of Physicians. Ann Intern Med
140:650-658, 2004

. Hill-Briggs F, Gary TL, Bone LR, Hill MN,

Levine DM, Brancati FL: Medication ad-
herence and diabetes control in urban Af-
rican Americans with type 2 diabetes.
Health Psychol 24:349-357, 2005

. Majumdar SR, Gurwitz JH, Soumerai SB:

Undertreatment of hyperlipidemia in the
secondary prevention of coronary artery
disease. J Gen Intern Med 14:711-717,
1999

. Harris SB, Ekoe JM, Zdanowicz Y, Web-

10.

11.

12.

13.

14.

ster-Bogaert S: Glycemic control and mor-
bidity in the Canadian primary care
setting (results of the diabetes in Canada
evaluation study). Diabetes Res Clin Pract
70:90-97, 2005

. Kemp TM, Barr EL, Zimmet PZ, Cameron

AJ, Welborn TA, Colagiuri S, Phillips P,
Shaw JE: Glucose, lipid, and blood pres-
sure control in Australian adults with type
2 diabetes: the 1999-2000 AusDiab. Di-
abetes Care 28:1490-1492, 2005

. Grant RW, Buse JB, Meigs JB: Quality of

diabetes care in U.S. academic medical
centers: low rates of medical regimen

change. Diabetes Care 28:337—442, 2005

. Resnick HE, Foster GL, Bardsley J, Ratner

RE: Achievement of American Diabetes
Association clinical practice recommen-
dations among U.S. adults with diabetes,
1999-2002. Diabetes Care 29:531-537,
2006

Pearson TA, Laurora I, Chu H, Kafonek S:
The lipid treatment assessment project (L-
TAP): a multicenter survey to evaluate the
percentages of dyslipidemic patients re-
ceiving lipid-lowering  therapy and
achieving low-density lipoprotein choles-
terol goals. Arch Intern Med 160:459—
467, 2000

Saadine JB, Engelgau MM, Beckles GL,
Gregg EW, Thompson TJ, Venkat
Narayan KM: A diabetes report card for
the United States: quality of care for the
1990s. Ann Intern Med 136:565-574,
2002

Majumdar SR, Johnson JA, Guirguis LM,
Lewanczuk RZ, Lee TK, Toth EL: Ratio-
nale and design for the DOVE study: a
prospective, controlled trial of an inter-
vention to improve care for patients with
diabetes in rural communities. Canadian
Journal of Diabetes 25:173-179, 2001
Toth EL, Majumdar SR, Guirguis LM, Le-
wanczuk RZ, Lee TK, Johnson JA: Com-
pliance with clinical practice guidelines
for type 2 diabetes in rural patients: treat-
ment gaps and opportunities for improve-
ment. Pharmacotherapy  23:659-665,
2003

Majumdar SR, Guirguis LM, Toth EL, Le-
wanczuk RZ, Lee TK, Johnson JA: Con-

15.

16.

17.

18.

19.

20.

21.

trolled trial of a multifaceted intervention
for improving quality of care for rural pa-
tients with type 2 diabetes. Diabetes Care
26:3061-3066, 2003

Johnson JA, Eurich DT, Toth EL, Lewanc-
zuk RZ, Lee TK, Majumdar SR: General-
izability and persistence of a multifaceted
intervention for improving quality of care
for rural patients with type 2 diabetes. Di-
abetes Care 28:783-788, 2005

Maddigan SL, Majumdar SR, Guirguis
IM, Lewanczuk RZ, Lee TK, Toth EL,
Johnson JA: Improvements in patient-re-
ported outcomes associated with an inter-
vention to enhance quality of care for
rural patients with type 2 diabetes: results
of a controlled trial. Diabetes Care 27:
1306-1312, 2004

Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel I11): Ex-
ecutive Summary of the Third Report of
the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment
Panel I11). JAMA 285:2486-2497, 2001
Mehler PS, Esler A, Estacio RO, MacKen-
zie TD, Hiatt WR, Schrier RW: Lack of
improvement in the treatment of hyper-
lipidemia among patients with type 2 di-
abetes. Am | Med 114:377-382, 2003
Rodondi N, Peng T, Karter AJ, Bauer DC,
Vittinghoff E, Tang S, Pettitt D, Kerr EA,
Selby JV: Therapy modifications in re-
sponse to poorly controlled hypertension,
dyslipidemia, and diabetes mellitus. Ann
Intern Med 144:475-484, 2006

Leiter LA, Betteridge DJ, Charca AR, Chait
A, Ferrannini E, Haffner SM, Kadowaki T,
Tuomilehto J, Zimmet PZ, Newman CB,
Hey-Hadavi J, Walkinshaw C: AUDIT
study: evidence of global undertreatment
of dyslipidaemia in patients with type 2
diabetes mellitus. British Journal of Diabe-
tes and Vascular Disease 6:31-40, 2006
Majumdar SR, McAlister FA, Furberg CD:
From knowledge to practice in chronic
cardiovascular disease: a long and wind-
ing road. ] Am Coll Cardiol 43:1738-1742,
2004

2508

D1aBETES CARE, VOLUME 29, NUMBER 11, NovEMBER 2006



