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Introduction

	 Clinical Practice Guidelines (CPGs) from professional organiza-
tions in Canada such as Canadian Diabetes Association (CDA) and 
Canadian Cardiovascular Society (CCS) advocate that patients with 
type 2 Diabetes Mellitus (DM) should have their risk factors managed 
in an aggressive and timely manner [1,2]. These recommendations are 
largely based on seminal type 2 diabetes-focused trials demonstrat-
ing significant improvements in vascular complications and reduced 
mortality through comprehensive and multifactorial behavioral mod-
ification and pharmacotherapy strategies [3,4]. However, despite 
concerted and widespread efforts to translate these evidence-based 
recommendations into routine clinical practice as well as increasing 
pharmacologic options, practice reviews conducted in Canada in-
dicate that optimal management of type 2 diabetes patients remains 
challenging [5].

	 We have previously documented that the use of clinical reminders 
may be helpful in achieving recommended targets, though the success 
in following the guidelines can be variable [6,7]. The purposes of this 
medical practice activity was to 1) describe a Canadian patient popu-
lation with DM that is not achieving recommended targets for LDL-C 
and A1C; 2) to study whether simple clinical reminders may improve 
target achievement and 3) to report challenges as perceived by physi-
cians in following the evidence-based recommendations.
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Abstract
Background: The objective of this study was to assess the care gap 
in the management of risk factors among high cardiovascular risk 
patients with type 2 Diabetes Mellitus (DM) who were not at guide-
lines recommended A1C and LDL-C target despite first line therapy.

Methods: A total of 82 primary care physicians enrolled 586 patients 
with DM, high risk based on Framingham score, LDL-C > 2.0 mmol/L 
despite optimal statin therapy, and A1C > 7.0% despite metformin 
therapy. Physicians were asked to follow patients on three occa-
sions: baseline and 4-12 weeks and 18-26 weeks, and received re-
minders to optimize therapy for lipid and glycemic control to achieve 
guideline recommended targets.

Results: Among enrolled patients 57% were male, average age was 
62.7±10.5 years, and 95% had 10-year Framingham risk score of 
CV event ≥20%; prior history of cardiovascular diagnosis was pres-
ent in 20%, smoking history in 38%, blood pressure > 130/80 mmHg 
in 68%. At baseline, the lipid profile in mmol/L was: total cholester-
ol 4.88±1.04, LDL-C 2.82±0.75, HDL-C 1.25±0.45 and non HDL-C 
3.63±1.07, triglycerides 1.93±1.05. Glycemic profile included fasting 
plasma glucose of 8.35±2.01mmo/L and A1C 7.94±0.75%. At base-
line medications for dyslipidemia management were statin alone 
in 75% of patients and statin plus another lipid lowering therapy in 
25%, and for glycemic control were metformin alone in 71% and 
metformin in fixed dose combination in 29%. During the follow up 
LDL-C declined significantly (p< 0.0001) to 2.28±0.87 (visit 2) and 
2.17±0.92 (visit 3) while proportion of patients achieving LDL-C ≤ 
2.0 mmol/L (co-primary end-point) was zero at baseline and 43% 
and 50% respectively during the second and third visits. The A1C 
declined to 7.58±1.18 and 7.53±1.30 respectively and proportion of 
patients achieving the A1C target (co-primary end-point) increased 
from zero at baseline to 35% and 43% respectively for visits two and 
three (p < 0.0001). With respect to blood pressure target achieve-
ment (< 130/80), it was 32% at baseline, 45% at visit 2 (4-12 weeks) 
and 47% at visit 3 (18-26 weeks) (p=0.0047). All three targets (BP, 
A1C and LDL-C) were achieved in 7% at visit 2 and 14% at visit 3.

Conclusion: The present study provides insight into the real-world 
application of guidelines and the need to overcome treatment iner-
tia. It demonstrates that among patients with DM who have not yet 
achieved control of dysglycemia and dyslipidemia, the use of clinical 
reminder maybe of help in improving management.
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Methods
	 Cholestabetes was developed by the Canadian Heart Research 
Centre (CHRC) as an evidence-based, medical practice activity. 
The authors (AL and LAL) developed patient chart audit forms, ed-
ucational tools and assisted with the provision of relevant resources 
for use by participating physicians. The program was supported by 
Valeant Canada which funded CHRC at arm’s length to engage 100 
Canadian primary care physicians and to enroll 750 patients. Invi-
tations were sent to primary care physicians across Canada inviting 
them to participate. The invitation was distributed through e-mail 
and facsimiles by CHRC to lists of Canadian primary care physicians, 
including those who were participants in prior or ongoing registries 
within the CHRC. Physicians were reimbursed for their time involve-
ment. The program was reviewed and approved by Optimum clinical 
research, an independent central ethics review board. All aspects of 
the program deployment, including data capture using eCRF were co-
ordinated by CHRC and the ownership of all data resided with CHRC. 
Patient enrolment started in November 2014 and ended in May 2016 
with data entry for follow up completed in February 2017. Inclusion 
criteria were patients older than 18 years of age with diagnosis of 
primary hypercholesterolemia and DM, high risk for cardiovascular 
disease (defined as one of: 10-year risk of cardiovascular event ≥20% 
based on the Framingham risk score, prior diagnosis of coronary 
artery disease, cerebrovascular disease, abdominal aortic aneurysm 
surgery, or peripheral arterial disease and LDL > 2.0 mmol/L despite 
optimal statin therapy (defined as atorvastatin ≥ 20 mg, rosuvastatin 
≥ 10 mg, simvastatin or pravastatin ≥ 40 mg) as well as A1C > 7.0% 
and < 9.0% on metformin therapy as well as consent to participate [1]. 
The exclusion criteria were clinically significant concomitant illness or 
co-morbid condition (e.g., cancer), liver, muscle or kidney abnormal-
ities (e.g., compromises patient management according to physician), 
secondary causes of hypercholesterolemia (e.g., hypothyroidism, ne-
phrotic syndrome) and contraindications or intolerance to combina-
tion therapy. Patients were seen on three occasions (baseline and two 
more clinically driven visits at 4-12 weeks and 18-26 weeks) for follow 
up in management of their dyslipidemia and dysglycemia.

	 The eCRF developed and deployed by CHRC allowed gathering 
of clinically relevant variables and had an interactive clinical reminder 
step during which physicians were reminded of four possible add-ons 
for lowering of the LDL-C (ezetimibe, Bile Acid Sequestrant (BAS), 
fibrate or niacin) according to the CDA recommendations and were 
also reminded that according to the CDA CPG a particular BAS, cole-
sevelam, also has A1C lowering effects, although it does not have that 
indication in Canada [1].

	 The co-primary outcome of the MPA was proportion of patients 
achieving LDL-C and A1C target. Descriptive analyses of demograph-
ic variables were performed. Continuous variables were summarized 
as a mean and standard deviation and discrete variables were reported 
as counts and percentages. Changes in risk factors during follow up 
were compared using Cochran-Armitage Trend test or Cochran’s Q 
test. All analyses were performed using SAS software version 9.4 (SAS 
Institute Inc, Cary, NC, USA).

Results
	 A total of 586 patients (57% male) who were 62.7±10.5 years 
old were recruited by 82 physicians from all provinces except PEI  

(Ontario 66%, Quebec 13%, BC 5%, Manitoba 7%, 9% almost equally 
from New Brunswick, Newfoundland, Saskatchewan, and Nova Sco-
tia) and who were 60% Caucasian, 16% south-east Asian, 11% south-
Asian, 8% black, and 1% each Hispanic, Arabic/North African, Ab-
original Canadian, multi-racial, and other.

The baseline characteristics are summarized in table 1.

	 Medications at baseline for dyslipidemia management were statin 
alone in 74% of patients, statin with another lipid lowering drug in 
22% (ezetimibe 11%, colesevelam 5% and fibrate 3%, omega-3 fatty 
acids in 3% and cholestyramine in 1% and niacin in 0.2%). Statin and 
two other lipid lowering drugs were used in 3% (ezetimibe and cole-
sevelam in 2% and ezetimibe and fibrate in 1%). Among patients on 
statin therapy, rosuvastatin was used in 54%, atorvastatin in 42%, and 
simvastatin in 4% of patients.

	 At baseline medications for glycemic control were metformin 
alone in 71% and metformin in fixed dose combination in 29% (met-
formin/sitagliptin in 18%, metformin/saxagliptin in 6%, metformin/
linagliptin in 3%, metformin/sitagliptin XR in 2%). Overall, at base-
line 28% were on metformin monotherapy, 39% were on two treat-
ments, 26% on three and 6% on four and above.

	 The other current medications of interest were ACE inhibitor or 
ARB in 76%, ASA or another antipletelet agent in 44%, diuretic in 
26%, calcium channel blocker in 25% and beta blocker in 22%.

The impact of clinical reminders on risk 
factor control
	 At baseline, the lipid profile was: total cholesterol 4.88±1.04, 
LDL-C 2.82±0.75, HDL-C 1.25±0.45, non-HDL-C 3.63±1.07 and tri-
glycerides 1.93±1.05 mmol/L. The LDL-C declined significantly (p< 
0.0001) to 2.28±0.87 during visit 2 and 2.17±0.92 during the final vis-
it 3. The proportion of patients achieving the LDL-C ≤ 2.0 mmol/L 
(co-primary end-point) was zero at baseline and 43% and 50% re-
spectively during the second and third visits. These changes in lipid  

Variables  Mean ± SD / % of  patients (N=586)

Diabetes mellitus duration (years) 8.9±5.9 

Body mass index (kg/m²) 31.5±8.8

Prior history of  cardiovascular disease 20%

Smoking history 38%

Hypertension 68%

Erectile dysfunction 18%

Depression 16%

Retinopathy 5%

Hypoglycemia 4%

Microalbuminuria** 50%

Macroalbuminuria** 8%

Framingham Risk Score > 20% 95%

eGFR (ml/min) 77.6±20.4

ACR* 7.4±15.3

Table 1: Baseline characteristics.

* Normal: < 2.0 for men, <2.8 for women

** Micro (2.0-20.0 for men, 2.8-28.0 for women) and macro (>20 for men, >28.0 
for women)
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lowering were achieved after visit 1 with addition of colesevelam in 
48% of patients, ezetimibe in 11% and fibrate in less than 1% and no 
change in 41% and after visit 2 (if LDL-C was still above 2.0 mmol/L) 
with the addition of colesevelam in 23%, ezetimibe in 10% and no 
change in 67%.

	 When asked why no additional therapy was prescribed despite 
LDL-C above target, the following reasons were listed: reinforcing life-
style change in 30%, more time needed to evaluate efficacy of current 
therapy in 28%, recent up titration of the statin dose 16%, patient re-
fusal 12%, belief that current management is appropriate 8%, medica-
tion cost in 4%, and medical constraints such as co-morbid conditions 
or contraindications in 2%.

	 At baseline patients on colesevelam had similar LDL-C to those 
on ezetimibe (3.05±0.69 vs 3.03±0.91 mmol/L, p=0.89), however at 
the end of the third visit their LDL was lower (1.97±0.79 vs 2.38±1.04 
mmol/L respectively, p=0.046). At baseline glycemic profile was fast-
ing plasma glucose of 8.35±2.01mmo/L and A1C 7.94±0.75%. During 
follow up the fasting glucose declined to 7.80±2.00 on visit 2 and to 
7.69±2.02 on visit 3. The A1C declined to 7.58±1.18 and 7.53±1.30 
respectively and proportion of patients achieving the A1C target 
(co-primary end-point) increased from zero at baseline to 35% and 
43% respectively for visits two and three (p < 0.0001). These improve-
ments in glycemic control were achieved after visit 1 with addition 
of other antihyperglycemic therapy in 32% (SGLT2i in 11%, DPP4i 
in 9%, sulfonylurea in 5%, insulin in 4%, GLP1 receptor agonist in 
2%, and 1% together for alpha-glucosidase inhibitor and meglitinide). 
Importantly no change was undertaken in 68%, however in those with 
addition of colesevelam for lipid lowering, there was a recommenda-
tion to not yet add other antihyperglycemic therapy at the same time 
because of the dual action of the colesevelam on both LDL-C and A1C 
lowering.

	 When asked why no additional therapy was prescribed despite 
A1C above target, the following reasons were listed: awaiting potential 
benefit of colesevelam treatment in 40%, need more time to evalu-
ate efficacy of current treatment in 23%, reinforcing lifestyle advice in 
20%, current treatment is appropriate in 8%, patient refusal in 7% and 
the cost in 2%.

	 Overall, patients treated with colesevelam had similar A1C as 
those not treated with it (7.46±1.07 vs 7.64±1.16, p=0.11) and the 
number of other antihyperglycemic medications did not differ signifi-
cantly between these two groups (2.5 ±1.1 with colesevelam vs 2.3±1.0 
without p=0.09).

	 With respect to blood pressure target achievement (< 130/80), it 
was 32% at baseline, 45% at visit 2 and 47% at visit 3 (p=0.0047). All 
three targets (BP, A1C, and LDL-C) were achieved in 7% at visit 2 and 
14% at visit 3 (Figure 1).

Discussion
	 The results of Cholestabetes MPA demonstrate that many of the 
high cardiovascular risk patients with DM who are not at recom-
mended A1C and LDL-C target despite first line lipid and glycemic 
control therapy can be provided with a clinical reminder which results 
in almost half of these patients achieving the recommended target 
(Figure 1).

	 We have previously demonstrated a consistent care gap of 40-50% 
in the risk factor management among patients with DM which we de-
fined as a proportion of patients that do not achieve a recommend-
ed target [6,8,9]. The achievement of the so-called triple target (BP, 
LDL-C and A1C) varied between 13 and 20% [8,9]. The Cholestabetes 
program studied whether a clinical reminder may be of help to clini-
cians in closing the care gap and increasing the target achievement.

	 Our findings indicate that clinical reminder maybe of help as part 
of an overall approach towards optimization of care and overcoming 
clinical inertia [10]. We also found that clinicians were responsive to 
nuances of recommendations as exemplified by the choice of coleseve-
lam as identified in the CDA guidelines as being useful in lowering 
LDL-C as well as A1C. We have previously demonstrated that clinical 
reminder for LDL-C lowering can result in 50% reduction in the care 
gap and our findings from the current experience support this and ex-
tend them to the glycemic control [11]. What was also noteworthy was 
that while there was no specific attempt to focus on blood pressure 
control, participating physicians were aware of its importance and 
there was consistent increase in the proportion of patients achieving 
target blood pressure based on published recommendations. The low-
ering of the LDL-C supported by the clinical reminder and achieved 
by whatever means is worthwhile achievement in these higher risk 
group of patients, regardless of what class of agents recommended 
by the guidelines were used to achieve it [12]. Similarly, there was a 
significant decrease in A1C during follow up. The specific impact of 
colesevelam on lowering of the A1C was not discernible and did not 
lead to an overall reduction in the number of glycemic control thera-
pies, although the A1C reduction overall supports the usefulness and 
practical applicability of the clinical reminder.

	 It is important to note that the choice for LDL-C lowering did 
not include the use of a Proprotein Convertase Subtilisin/Kexin type 
9 (PCSK9) inhibitor such as alirocumab or evolocumab that are now 
available in Canada but were not at the time of baseline enrolment 
of our program. We believe the use of clinical reminder based on 
peer-reviewed guidelines may be of even greater help to clinicians as 
the number and complexity of choices and the need for combination 
therapy increases. Moreover, since many of the patients with diabetes 
in primary care, including those with cardiovascular disease, may not 
have their LDL-C optimally controlled, the use of clinical reminder  

Figure 1: Proportion of  patients achieving guidelines recommended targets during 
the follow up.
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maybe of help in supporting the guidelines and evidence based rec-
ommendations [5,6].

Limitations
	 The design of our data set acquisition could not exclude the bias 
of physician selection, patient selection, or the Hawthorne effect (the 
modification of behavior of the participating physicians due to their 
awareness of being monitored). Lack of a control group does not allow 
for a definitive conclusion regarding the efficacy of a clinical reminder. 
It also remains unclear whether increase in the proportion of patients 
achieving the target was a result of additional therapy as part of the 
routine care or greater patient adherence or both. The evidence for 
additional therapy is the strongest for LDL-C control because of the 
documented increase in the use of colesevelam and ezetimibe and the 
weakest for blood pressure control since it was not in focus but exhib-
ited a similar trend towards improvement.

Conclusion
	 The present study provides insight into the real-world appli-
cation of guidelines and the need to overcome treatment inertia. It 
demonstrates that among patients with DM who have not yet achieved 
control of dysglycemia and dyslipidemia, the use of clinical reminder 
maybe of help in improving management.
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