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Abstract
Objectives  To investigate the impact of a multifactorial 
treatment programme in a real-life setting on clinical 
outcomes and estimated cardiovascular disease (CVD) 
risk.
Design  A retrospective observational cohort study, using 
data from the electronic medical records and national 
registers.
Setting  Tertiary diabetes centre in Denmark.
Participants  Patients with type 2 diabetes (n=4299) 
referred to a programme with focus on treatment of 
hyperglycaemia, hypertension and dyslipidaemia between 
1 January 2001 and 1 April 2016.
Outcomes  Primary outcomes were changes in 
haemoglobin A1c (HbA1c), blood pressure (BP) and low-
density lipoprotein (LDL) cholesterol as well as proportion 
reaching treatment targets. Our secondary outcome was 
to investigate changes in antidiabetic, antihypertensive 
and lipid-lowering treatment, together with the impact 
on estimated CVD risk. Linear mixed model for repeated 
measurements were used for continuous variables and 
logistic regression for dichotomous variables.
Results  The patients achieved a mean±SD decrease 
in HbA1c, systolic and diastolic BP and LDL cholesterol 
of 1.0%±0.04% (10.6±0.4 mmol/mol), 6.3±0.4 mm Hg, 
2.7±0.2 mm Hg and 0.32±0.02 mmol/L, respectively 
(p<0.0001). The proportion of patients who met the 
treatment goal for HbA1c (<7% (<53 mmol/mol)) increased 
from 31% to 58% (p<0.0001); for BP (<130/80 mm Hg) 
from 24% to 34% (p<0.0001), and for LDL cholesterol 
(<2.5 mmol/L (patients without previous CVD) or 
<1.8 mmol/L (patients with previous CVD)) from 52% 
to 65%. Those reaching all three guideline treatment 
targets increased from 4% to 15% (p<0.0001), and when 
relaxing the BP target to <140/85 from 8% to 24%. The 
estimated CVD risk was relatively reduced by 15.2% 
using the Swedish National Diabetes Register risk engine 
and 30.9% using the UK Prospective Diabetes Study risk 
engine.
Conclusions  Our data support that short-term 
multifactorial treatment of patients with glycaemic 
dysregulation in a specialist outpatient setting is both 
achievable and effective, and associated with a clinically 
meaningful improvement in CVD risk.

Introduction 
Type 2 diabetes is an increasing global 
health threat. It is estimated that 439 million 
people will be diagnosed with diabetes by 
2030.1 Type 2 diabetes is associated with an 
increased risk of microvascular complica-
tions such as nephropathy, neuropathy and 
retinopathy as well as macrovascular disease, 
resulting in a decreased life expectancy and 
substantial personal and societal expenses.2 
Ensuring good glycaemic control remains 
the most effective therapeutic measure to 
reduce the risk of developing microvascular 
disease.3 4 Multifactorial treatment with tight 
control of glycaemia, blood pressure (BP) 
and lipids, accompanied by acetylsalicylic acid 
(ASA) and lifestyle advice, is known to reduce 
progression of microvascular complications, 
cardiovascular disease (CVD) and mortality 
by 50% in patients with type 2 diabetes and 
microalbuminuria.5–7 Consequently, diabetes 
guidelines have advocated an intensified 
treatment approach aiming at addressing and 
reducing all CVD risk factors in patients with 
diabetes since several years.8 9 

Strengths and limitations of this study

►► Large cohort of dysregulated patients with type 2 
diabetes under real-world conditions and strong 
validity of data with repeated recordings of clinical 
measurements and access to national registries.

►► Selection bias in terms of more motivated and high-
risk patients being referred to the clinic, and by ex-
clusion of those who did not show up.

►► The use of risk engines can only give an estimate 
of the cardiovascular disease risk and the UK 
Prospective Diabetes Study risk engine is based on a 
population many years prior to ours where treatment 
guidelines were different.
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For most patients, sufficient glycaemic, BP and lipid 
control can be achieved in a primary care setting but in 
high-risk patients, or in patients with complex treatment 
regimens, the proportion of patients who achieve meta-
bolic control in primary care is lower.10 11 In this situa-
tion, in most healthcare systems, high-risk patients are 
referred to specialist clinics for evaluation. A broad risk-
factor intervention in this subgroup has proven particu-
larly effective in the Steno-2 study.5 However, it remains 
unknown whether the results seen in the study setting can 
be achieved in clinical practice.

The overall aim of this study was to describe how the 
multifactorial intervention methods from the Steno-2 
study perform in a larger scale clinical setting. Our 
primary objective was to describe changes in metabolic 
outcomes as a result of such structured short-term inter-
vention and to test for gender differences. Our secondary 
objective was to describe the pharmacological changes 
and to evaluate the impact on estimated CVD risk by 
using two different risk assessment tools: the UK Prospec-
tive Diabetes Study (UKPDS) risk engine12 and the 5-year 
Swedish National Diabetes Registry (NDR) risk model.13

Methods
Design and setting
This study is based on patients referred to Steno Diabetes 
Center (SDC), a tertiary multidisciplinary and highly 
specialised diabetes centre in the Capital Region of 
Denmark. It serves as one out of three referral centres 
with a catchment area of over 1.7 million people and 
provides diabetes care on a permanent basis to about 
5600 patients. During the Steno-2 study, SDC designed a 
treatment programme algorithm specifically for patients 
with type 2 diabetes and glycaemic dysregulation. The 
primary goal of the programme is to improve patient 
quality of life and reduce mortality by prevention of acute 
and chronic complications of diabetes. This is done by 
motivating and encouraging self-management, profes-
sional support in behavioural changes, and pharmaco-
logical treatment according to national and international 
guidelines. The SDC Type 2 Clinic (T2C) opened in 2001, 
providing care for patients referred from general practi-
tioners (GPs) or other hospitals in the region. Patients 
were referred to the clinic either as newly diagnosed with 
a need for education and start of treatment, requiring 
a shift to insulin treatment, having micro- or macrovas-
cular complications, or having glycaemic dysregulation in 
spite of attempts to control the disease by the GP. The 
programme, which is still running and is the same for 
all patients, involves a consultation with a nurse, a dieti-
tian and a physician in a structured order with specific 
assignments and is comparable to the intensive treatment 
arm of the Steno-2 study (figure 1). The individual visits 
are, depending on the need, complemented by optional 
group-based theme sessions with the overall aim of facil-
itating patient empowerment and with phone consulta-
tions from a nurse. The treatment programme consist 

of self-management training with a focus on knowledge, 
lifestyle behaviour including diet, physical activity and 
smoking cessation, skills to improve glycaemic control 
such as self-monitoring of blood glucose and skills to 
prevent and identify complications. Furthermore, there is 
focus on pharmacological treatment of hyperglycaemia, 
hypertension and dyslipidaemia. After approximately 
8 months, patients were evaluated for referral back to 
their GP, or to continue at the SDC outpatient clinic. The 
structure of programme has remained unchanged in the 
study period while, for example, medications used have 
followed updated treatment guidelines. The Danish treat-
ment guidelines have followed the international guide-
lines from European Association for the Study of Diabetes 
(EASD) and American Diabetes Association (ADA) and 
were revised in 2003, 2011 and 2014.14–16 We defined the 
baseline and evaluation follow-up visits as the first and last 

Figure 1  Flow chart of the treatment programme. Visit A: 
visit at the laboratory, eye clinic and consultation with nurse. 
Visit B: consultation with nurse, dietitian and physician. 
Visit C1 and C2: individual programme with nurse. Group 
sessions: module A: 'Me and my diabetes’; module B: ‘My 
feet and physical activity’; module C: ‘My diet’; module D: 
'My motivation and future lifestyle plans’. Visit C: consultation 
with nurse and dietitian. Visit D: final visit with nurse, 
dietitian and endocrinologist. After approximately 8 months, 
patients with no complications are referred back to general 
practice and those with microvascular or macrovascular 
complications are referred to the outpatient clinic.
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visits to the T2C, respectively. This study is a retrospective 
observational study with demographics, clinical and labo-
ratory information extracted from the electronic medical 
records and laboratory database of SDC.

Study population
We included all patients who had finalised a treatment 
programme between 1  January 2001 and 1  April  2016 
(n=4489), and to avoid no-shows, once off or very brief 
consultations, we excluded patients with a treatment 
duration under 30 days (ie, between the baseline and 
follow-up visits, n=190). We ended up with a total of 
n=4299 patients. Sixteen per cent of the patients were 
subsequently re-referred to the clinic, but we only 
included their first treatment programme here. All data 
were anonymised prior to analysis.

Subject characteristics
Laboratory analyses at the baseline visit were encouraged 
to be fasting and included: glucose, haemoglobin A1c 
(HbA1c), haemoglobin  (Hb), creatinine, total  choles-
terol, high-density lipoprotein (HDL) cholesterol, 
low-density lipoprotein (LDL) cholesterol, triglycerides 
(TG), C-peptide and urine albumin. At all in-between 
visits and at follow-up, an HbA1c, BP and weight were 
measured. All laboratory and anthropometric measure-
ments were recorded using standardised procedures 
at the SDC-accredited laboratory (ISO 15189). Body 
mass index (BMI) was calculated from weight and 
height (kg/m2). A person was considered overweight 
at BMI ≥25 kg/m2 and obese at BMI ≥30 kg/m2. For BP 
and heart rate, automated oscillometric BP recorders 
were used (AND UA-787plus, A&D medical, California, 
USA). Smoking status was obtained at every visit.

Diabetes complications and pharmacological treatment
Microalbuminuria was here defined as a morning urine 
sample with urine albumin of 30–300 mg/L or urine 
albumin-to-creatinine ratio  >30 mg/g to 300 mg/g at 
the first visit. Macroalbuminuria likewise but with a 
value >300 mg/L or >300 mg/g. Peripheral neuropathy 
was defined by examining vibration sensation with a 
biothesiometer and using an age-adjusted threshold.17 
Information on CVD was obtained from The National 
Patient Register and included diagnosis from 1977 to 
2015 and procedures from 1995 to 2015. Prior CVD 
was defined as one or more of the following: myocar-
dial infarction, heart surgery, ischaemic heart disease, 
heart insufficiency, atrial fibrillation, vascular surgery, 
stroke, transitory cerebral ischaemia and amputations 
using International Classification of Diseases (ICD)  8 
and ICD-10 codes.

Information on medication was obtained by Register 
of Medicinal Products Statistics, where individual-level 
data on all prescription drugs sold in Danish community 
pharmacies since 1994 have been recorded and admin-
istered by Statistics Denmark.18 A person was defined as 
being on a treatment at baseline if they had purchased a 

prescribed drug less than 180 days before their first visit 
and at follow-up if they purchased a prescribed drug 
after their first visit and less than 30 days after their last 
visit.

Permission to use data has been obtained from the 
Danish Data Protection Agency (ref. number: 2007-58-
0015) and from the Danish Patient Safety Authority. 
According to Danish Committee, law register studies do 
not require an approval from the National Committee on 
Health Research Ethics.

CVD risk
To evaluate the effect of changes in metabolic outcomes 
on the estimated risk of CVD, we calculated CVD risk at 
baseline and at follow-up using two different risk assess-
ment tools: a Swedish risk model specific for type  2 
diabetes13 and the UKPDS risk engine.12 The Swedish 
model is based on patients with type 2 diabetes using 
12 predictors: sex, age, diabetes duration, TG, HDL 
cholesterol,  HbA1c, systolic BP, BMI, smoking status, 
albuminuria, atrial fibrillation and previous CVD. It is 
derived from a large observational sample of patients 
(n=24 288) in the Swedish NDR followed from 2002 to 
2007 and estimates the 5 year risk of CVD. The UKPDS 
risk engine is also type 2 diabetes-specific and based on 
4540 patients from the UKPDS trial (1977 to 1991). It 
includes HbA1c as a continuous variable and calculates 
the risk of developing a new coronary heart disease 
(CHD) event.

Statistical methods
The primary outcomes were changes in blood glucose 
control (HbA1c), BP and lipids from first visit (baseline) 
to end of treatment (follow-up evaluation visit) and to 
explore gender differences in outcomes. Furthermore 
we investigated how many patients reached the recom-
mended targets for HbA1c (A), BP (B) and LDL choles-
terol (C) according to national guidelines,14 collectively 
referred to as ABC control: HbA1c <7% (<53 mmol/mol), 
BP  <130/80 mm Hg and LDL cholesterol  <2.5 mmol/L 
(<100 mg/dL, patients without previous CVD) 
or  <1.8 mmol/L (<70 mg/dL, patients with previous 
CVD). For blood lipids, the T2C programme assumed 
they would not deteriorate if they were on target at 
baseline, and measurements were only repeated in case 
they were not at target at baseline. Accordingly, for this 
analysis a last observation carried forward approach was 
used to impute missing data. Student’s t-test was used to 
test for gender differences at baseline or at follow-up. 
Comparison between baseline and follow-up was made 
using mixed model for repeated measurements (MMRM) 
for continuous variables adjusting for gender and base-
line values and with the subject as a random effect. For 
dichotomous variables, for  example, pharmacological 
treatment, logistic regression models were used adjusting 
for gender. McNemar test was used to compare changes 
in categorical variables. For risk estimates, exact 95% CIs 
were calculated. SAS Enterprise Guide V.7.1 (SAS 
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Institute) was used for database management and all of 
the above-mentioned analyses.

Results
Study cohort characteristics
Baseline characteristics of the study cohort are shown in 
table  1. The majority of patients were Caucasians, and 
19% were diagnosed with diabetes within a year before 
their referral. There were more males (n=2567) than 
females (n=1732) but no difference in treatment dura-
tion: median treatment programme duration was 8.4 
months (IQR: 6.1, 11.3). There were more male smokers 
and ex-smokers. Males had a higher level of HbA1c, BP, 
weight and TG but lower BMI and cholesterol levels at 
baseline (table 1).

Metabolic outcomes
There was a significant decrease in HbA1c between base-
line and follow-up of 1.0%±0.04% (10.6±0.4 mmol/mol), 
with males having a greater decrease than females even 
after adjusting for age and BMI (p=0.005). The decrease 
in systolic BP was 6.3±0.4 mm Hg and in diastolic BP 
2.7±0.2 mm Hg (p<0.0001 for both). The effect of 
treatment on BP was the same in both genders. There 
was a significant decrease in total-cholesterol, LDL 
and TG of 0.39±0.03 mmol/L, 0.32±0.02 mmol/L and 
0.22±0.05 mmol/L, respectively. There was no change 
in HDL levels overall (p=0.2). As expected, females had 
higher HDL levels than males, both at baseline and at 
follow-up (p<0.0001). This gender difference was also 
seen for total- and LDL-cholesterol levels where females 
had higher levels at both baseline and follow-up. The 
effect of treatment on lipid levels was equal in both 
genders.

ABC control
In general, the proportion of patients achieving full ABC 
control according to national guideline treatment targets 
increased from 4% to 15% (p<0.0001). More females 
were achieving all three treatment targets at both baseline 
(p=0.047) and at follow-up (p=0.014). Patients achieving 
the HbA1c target increased from 31% to 58% (p<0.0001), 
the BP target from 24% to 34% (p<0.0001), and the LDL 
target from 52% to 65% (p=0.002, figure  2). If the BP 
target was relaxed from <130/80 mm Hg to <140/85 mm 
Hg the percentage achieving the BP target increased 
from 43% at baseline to 58% at follow-up (p<0.0001), 
and consequently full ABC control from 8% at baseline 
to 24% at follow-up (p<0.0001).

Changes in pharmacological treatment
The most common antidiabetic drug at baseline was 
metformin, which 58.4% of the patients were on, followed 
by sulphonylurea (SU), 38.4% and insulin, 19.5% 
(figure 3). Only a small proportion of patients were on 
dipeptidyl peptidase 4 (DPP-4) inhibitors, 7.0%, gluca-
gon-like peptide 1 (GLP-1) analogues, 3.9% or other 

antidiabetic drug, 4.2%. In general there was an increase 
in the use of medication during the programme. The 
largest increase was seen in use of metformin to 75.3%, 
insulin to 36.9% and GLP1-analogues to 11.6%. While SU 
only increased slightly to 41.8%, DPP-4 inhibitors to 9.6% 
and other antidiabetics 4.3%.

As part of the multifactorial treatment programme, 
we also observed an increase in use of antihypertensive 
drugs to 75.3%, lipid lowering drugs to 75.9% and ASA 
to 69.6%.

Changes in cardiovascular risk
Estimated baseline and follow-up cardiovascular risk 
according to the used risk engines are shown in table 2. 
Using the Swedish NDR model which predicts the 5 year 
risk of a new CVD event in a diabetic population, we 
observed a relative risk reduction of 15.2% (95% CI: 14.5 
to 15.9). The UKPDS risk engine showed a relative risk 
reduction of 30.9% (95% CI: 30.3 to 31.5) in the 5 year 
CHD risk estimate. Females had a lower risk than males 
both at baseline and at follow-up according to both risk 
models (p<0.0001). Meanwhile, both according to the 
Swedish NDR model and the UKPDS risk engine, females 
had a smaller relative risk reduction compared with males 
(p<0.0001).

Discussion
This study shows that a short-term targeted multifacto-
rial treatment programme in a specialised clinical setting 
can improve metabolic outcome measures and CVD risk 
in patients with type 2 diabetes and high prevalence of 
complications. This confirms that multifactorial treat-
ment not only works in a clinical study setting, but is also 
feasible and effective in real world clinical practice. With 
a specialised group of healthcare providers and a struc-
tured treatment and educational programme that focuses 
on lifestyle intervention, self-management training and 
pharmacological treatment of hyperglycaemia, hyperten-
sion and dyslipidaemia, it is possible to accomplish signif-
icant CVD risk reductions in a high-risk population with 
diabetes.

ABC control
Intensive multifactorial intervention in high-risk patients 
has previously been shown to reduce CVD and mortality,7 
and a recent 21 years’ follow-up of the Steno-2 study popu-
lation shows that patients in the intensive-therapy group 
survived for a median of 7.9 years longer than the conven-
tional-therapy group patients.19 Here we show that the 
same treatment programme also works in clinical practice 
in a more diverse population, and results in a substan-
tial reduction of 5- and 10-year CVD risk as estimated by 
two of the available and commonly used risk engines. In 
terms of risk factor intervention, glucose control contin-
uous to be the greatest challenge to diabetes care. None-
theless, all but 21% of patients changed from a higher 
to a lower HbA1c category in this follow-up. Importantly, 
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Table 1  Baseline characteristics of the study cohort

N All Females (n=1732) Males (n=2567)

Age (years) 4299 59.3 (12.4) 59.9 (12.9) 58.9 (12.1)

Weight (kg) 4256 91.5 (21.2) 84.4 (20.4) 96.3 (20.4)

Body mass index (kg/m2) 4236 31.0 (6.6) 31.8 (7.4) 30.3 (4.4)

Smokers, N (%) 4071 1629 (37.9) 622 (35.9) 1007 (39.5)

Caucasians, N (%) 4289 3724 (87) 1457 (84) 2267 (89)

Diabetes and complications

 � Duration of type 2 diabetes (years) 4252 7.1 (6.5) 7.3 (6.6) 6.9 (6.5)

 � Diabetes duration <1 year, N (%) 4252 828 (19.5) 311 (18.1) 517 (20.4)

 � GAD65 antibodies ≥25 U/mL, N (%) 2376 116 (2.7) 59 (3.4) 57 (2.2)

 � HbA1c (%) 4253 8.2 (3.9) 8.1 (3.9) 8.2 (3.9)

 � HbA1c (mmol/mol) 4253 66 (19) 65 (19) 66 (19)

 � Fasting p-glucose (mmol/L) 2850 9.9 (3.6) 9.6 (3.4) 10.0 (3.7)

 � Fasting C-peptide (pmol/L) median (IQR) 2898 1050 (706–1500) 1050 (699–1517) 1050 (711–1478)

 � Prior cardiovascular disease, N (%)* 4299 1127 (26) 400 (23) 727 (28)

 � Microalbuminuria, N (%) 4299 787 (18) 254 (15) 533 (21)

 � Macroalbuminuria, N (%) 4299 211 (5) 47 (3) 164 (6)

 � eGFR (mL/min) 1335 78 (17) 77 (18) 79 (16)

 � Simple retinopathy, N (%) 3859 1134 (29) 422 (27) 712 (31)

 � Proliferative retinopathy, N (%) 3859 56 (1) 25 (2) 31 (1)

 � Peripheral neuropathy, N (%) 2343 549 (23) 140 (15) 409 (29)

Blood pressure

 � Systolic (mm Hg) 4280 141.7 (21.7) 140.5 (22.5) 142.6 (21.1)

 � Diastolic (mm Hg) 4280 82.5 (11.5) 80.8 (11.4) 83.6 (11.5)

Lipids

 � Total cholesterol (mmol/L) 3946 4.7 (1.2) 4.9 (1.3) 4.6 (1.2)

 � LDL cholesterol (mmol/L) 3946 2.5 (1.0) 2.6 (1.0) 2.5 (1.0)

 � HDL cholesterol (mmol/L) 3946 1.2 (0.4) 1.3 (0.4) 1.2 (0.4)

 � Triglycerides (mmol/L) median (IQR) 3946 1.7 (1.2–2.5) 1.7 (1.2–2.5) 1.7 (1.2–2.6)

Medication

 � Metformin, N (%) 4299 2511 (58) 1025 (59) 1486 (58)

 � Sulfonylurea, N (%) 4299 1652 (38) 673 (39) 979 (38)

 � DPP-4 inhibitor, N (%) 4299 303 (7) 126 (7) 177 (7)

 � GLP-1 analogue, N (%) 4299 168 (4) 73 (4) 95 (4)

 � Insulin, N (%) 4299 836 (19) 346 (20) 490 (19)

 � Other OAD, N (%) 4299 179 (4) 67 (4) 112 (4)

 � RAS blockade, N (%) 4299 2027 (47) 736 (42) 1291(50)

 � All antihypertensive drugs, N (%) 4299 2678 (62) 1099 (63) 1579 (62)

 � Lipid lowering drug, N (%) 4299 1988 (46) 776 (45) 1212 (47)

 � Acetylsalicylic acid, N (%) 4299 1538 (36) 530 (31) 1008 (39)

Values are means (SDs) unless stated otherwise.
*Prior CVD was defined as one or more of the following: myocardial infarction, heart surgery, ischaemic heart disease, heart insufficiency, 
vascular surgery, stroke, transitory cerebral ischaemia, amputation.
CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; GAD, glutamic acid decarboxylase; 
GLP-1, glucagon-like peptide 1; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OAD, oral antidiabetic 
drug; RAS, renin–angiotensin system.
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the improvement in glycaemic control was not accompa-
nied by a general increase in weight. In fact, although we 
found that 15% of those in the normal weight category 
shifted to the overweight category when comparing the 
changes in BMI categories, 15% of those who were in the 
obese or overweight category dropped to a lower weight 
category. The weight gain observed in some patients is 
probably explained by the increased use of insulin, while 
weight loss in others can be explained by an increased use 
of GLP-1 receptor agonist treatment in recent years along 
with lifestyle management including dietary and physical 
activity advice.

With focus on hyperglycaemia, hypertension and 
dyslipidaemia, we found an increase in the propor-
tion of patients achieving the recommended targets 
that are comparable to intervention studies.20 21 Here, 
the relative proportion of patients achieving HbA1c<53 
mmol/mol (7%) nearly doubled, BP<130/80 mm Hg 
increased by 42% and LDL<2.5 mmol/L by 25%. The 
T2C treatment programme in this complex high-risk 
cohort resulted in a higher prevalence of risk factors 
in control equal to what has been observed in the more 
general diabetes population in the National Health 
and Nutrition Examination Surveys (NHANES) from 

2007 to 2010.22 The NHANES data differ in the way 
that their data were cross-sectional with participants 
with self-reported diabetes, without any distinction 
between type 1 and type 2, and with a different risk 
profile. Our population was more selected by being 
referred from their GP and requiring specialised care, 
which means they either had more comorbidities or 
a more complex treatment than the general patient 
with type 2 diabetes. For HbA1c  58% in our cohort 
achieved the treatment target vs 53% in the NHANES 
cohort and for LDL-cholesterol 65% vs 56%, respec-
tively. But for BP there was a big difference, 34% in 
our cohort vs 51% in the NHANES cohort. This could 
be due to a higher prevalence of high BP in this group 
of patients selected with complex disease and long 
diabetes duration. We did observe a time trend in the 
data as the proportion of patients achieving the strin-
gent BP target increased from 23% in 2001 to 44% 
in 2015. The same improvement trend over time was 
observed in the proportion of patients achieving all 
three ABC targets; 7% in 2001 increasing to an average 
of 16% from 2006 and forward in our material and in 
the NHANES data from 7% in 1999–2002 to 19% in 
2007–2010.

Figure 2  Proportion of patients achieving the treatment targets for haemoglobin A1c, low-density lipoprotein (LDL) cholesterol, 
systolic and diastolic blood pressure (BP) at baseline and at follow-up.
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CVD risk
To estimate the CVD risk in patients with type 2 diabetes 
is helpful to follow-up on treatment and to target further 

measures to patients at risk. In this study we used two 
different CVD risk engines to estimate the effect of 
the treatment programme. The UKPDS risk engine is 
diabetes-specific and has several advantages as it incor-
porates HbA1c and diabetes duration as continuous 
variables.12 However, it is still not ideal as it is based 
on the patients recruited by UKPDS for randomisation 
in a clinical trial two decades ago before newer and 
more effective treatments were available or widely used 
(eg, statins, ACE inhibitors and antidiabetic drugs). 
Accordingly, recent validation showed poor calibration 
and overestimation of the CHD risk.23 A model that 
seems more suitable for our population is the Swedish 
NDR risk model, which is based on a more recent and 
nationwide population, reflecting a more diverse popu-
lation and taking into account the history of previous 
CVD and BMI. By using this model we found a relative 
reduction in the estimated 5 year CVD risk of 16%, after 
approximately 8 months, despite the increase in age 
and diabetes duration. Notably, the fact that 26% of the 
patients had a prior CVD diagnosis at baseline reflects 
the high risk profile and complexity of the population 
that was referred to the treatment programme. This 
of course does not normalise their actual risk, which 
will still be high, but can be a motivating factor for the 
patients that there are some modifiable risk factors that 
can reduce their risk. In comparison, the population 
used in the Swedish model had a mean risk of 11.9% 

Figure 3  Proportion of patients on pharmacological treatment at baseline and follow-up. ASA, acetylsalicylic acid; DPP-
4, dipeptidyl peptidase 4; GLP, glucagon-like peptide; OAD, oral antidiabetic drug; RAS, renin–angiotensin system; SU, 
sulphonylurea. 

Table 2  Estimated CVD or CHD risk

Baseline Follow-up

Estimated CVD 5-year risk: NDR risk engine:

 � All 29.8 (19.6–44.6)† 25.0 (16.6–37.4)‡*

 � F 24.9 (15.9–37.0) 21.1 (13.7–31.1)*

 � M 34.0 (22.6–48.2) 28.1 (19.1–41.2)*

Estimated CHD 5-year risk: UKPDS risk engine:

 � All 7.4 (3.9–13.7)§ 5.0 (2.7–9.2)¶*

 � F 4.8 (2.6–8.7) 3.3 (1.9–5.9)*

 � M 9.6 (5.3–16.7) 6.4 (3.7–11.3)*

Estimated CHD 10-year risk: UKPDS risk engine:

 � All 17.1 (9.3–30.4)§ 11.8 (6.5–21.1)¶*

 � F 11.4 (6.1–20.0) 7.9 (4.5–14.0)*

 � M 22.1 (12.6–36.2) 15.0 (9.0–25.4)*

Estimated CVD risk according to the Swedish NDR risk engine and 
the estimated CHD risk according to the UKPDS risk engine. Data 
are median risk in % (IQR).
*P<0.0001.
†n=3865; ‡n=3730; §n=3895; ¶n=3757.
CHD, coronary heart disease; CVD, cardiovascular disease; F, 
female, M, male, NDR, National Diabetes Registry; UKPDS, UK 
Prospective Diabetes Study.



8 Safai N, et al. BMJ Open 2018;8:e019214. doi:10.1136/bmjopen-2017-019214

Open Access�

and a 5 year risk of fatal/non-fatal CVD of more than 
10% is defined as high risk. According to this 92% of 
our population was in high risk at baseline. The UKPDS 
risk engine which estimates the risk of the first CHD 
event in 5 or 10 years, gives a lower 5- and 10-year risk 
estimate at baseline than the Swedish model, 7.4% and 
17.1% respectively. This is nearly the same as the 10 year 
risk found in a NHANES population from 2007 to 2012 
of 16.5% if no risk factors were in control and 10.2% if 
all risk factors were in control when using the same risk 
engine.24

Interestingly, both the NDR and UKPDS risk engines 
estimated a higher risk reduction in males than in 
females. This, perhaps expected finding, could be due 
to the higher CVD risk in males at baseline, but could 
also be due to a relatively greater HbA1c reduction seen in 
males, which is used in both the NDR and the UKPDS risk 
engines. However, the gender difference remained signif-
icant after excluding HbA1c from the equation. This in 
spite a higher percentage of females achieved the meta-
bolic targets.

Strengths and limitations
Strengths of this study include the validity of data with 
repeated recordings of the HbA1c and BP at each visit, and 
that it includes a large cohort of patients treated under 
real-life conditions such that results might have greater 
external validity than the highly selected populations in 
randomised controlled trials (RCTs). Still, we cannot rule 
out that there might be a selection bias in terms of more 
motivated patients being referred to the clinic, and by 
exclusion of those who did not show up.

As a result of using a database and a register, we 
do not have complete data on all patients, and there-
fore, the cohort size changes a bit as results are based 
on those without missing values. Another limitation 
is that there is a lack of patient reported outcomes, 
such as adverse events of drugs and general well-being. 
This was not possible to extract from the electronic 
medical records. Furthermore we cannot be sure that 
the patients going through a treatment programme 
actually completed the programme or was discharged 
for other reasons. It is also important to acknowledge 
that most of the treatment programmes analysed here 
were completed before many of the new anti-diabetic 
treatments, as GLP1-analogues and sodium-glucose 
co-transporter 2 (SGLT2)-inhibitors, were widely used 
and before acceptance of a more personalised treat-
ment as recommended in the position statement from 
ADA and EASD in 2012.16 Another limitation of this 
study is the use of risk engines that only give an esti-
mate of the CVD or CHD risk and that UKPDS is based 
on a population many years prior to ours and treat-
ment guidelines were not the same.

Meanwhile, the data serve as a baseline benchmark 
for real world data studies as to what can be achieved 
in routine clinical practice before these treatments 
and guidelines get wider use and implementation. 

The use of a more individualised treatment approach 
with involvement of the patient in decision making 
is increasingly used in the treatment programmes at 
the moment and is expected to increase adherence 
to therapy. Furthermore, the combination of a more 
individualised HbA1c target and a broader selection of 
antidiabetic, antihypertensive and dyslipidaemia treat-
ment will likely increase the proportion of patients 
achieving their treatment goals and thereby reduce 
their CVD risk and mortality. Specifically, since the 
EMPA-REG OUTCOME trial showed a 38% and the 
LEADER trial a 22% relative risk reduction in deaths 
from CVD events in patients with type 2 diabetes and 
a high risk of cardiovascular events,25 26 this gives 
us further treatment options in this patient group. 
Therefore constant evaluation of the effects of our 
treatments on the risk of CVD or mortality is necessary. 
Combining these drugs, the treatment programme 
evaluated here, and an individualised approach would 
be a logical next step for future studies.

Conclusion
This study of patients with type 2 diabetes who undergo 
structured treatment programme lasting less than 1 year 
show that it is possible to increase the proportion of 
patients achieving the target levels for HbA1c, BP and LDL, 
thereby reducing their estimated CVD and CHD risk. To 
the strengths of such a structured programme, we count 
the focus on treatment targets by a multidisciplinary team 
and the fact that it is time limited, which reduces clinical 
inertia and costs. Our results show that intensive treat-
ment is not only effective in the RCT setting, but also in 
clinical practice and should encourage other healthcare 
systems to establish similar programmes.
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