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ABSTRACT
Background Patients with type 1 diabetes mellitus 
(T1DM) and poor glycaemic control are at high risk 
of developing microvascular and macrovascular 
complications. The aim of this study was to determine if 
a quality improvement collaborative (QIC) initiated by the 
Norwegian Diabetes Register for adults (NDR- A) could 
reduce the proportion of patients with T1DM with poor 
glycaemic control (defined as glycated haemoglobin 
(HbA1c)≥75 mmol/mol) and reduce mean HbA1c at 
participating clinics compared with 14 control clinics.
Method Multicentre study with controlled before and 
after design. Representatives of 13 diabetes outpatient 
clinics (n=5145 patients with T1DM) in the intervention 
group attended four project meetings during an 18- month 
QIC. They were required to identify areas requiring 
improvement at their clinic and make action plans. 
Continuous feedback on HbA1c outcomes was provided by 
NDR- A during the project. In total 4084 patients with type 
1 diabetes attended the control clinics.
Results Between 2016 and 2019, the overall proportion 
of patients with T1DM and HbA1c≥75 mmol/mol in the 
intervention group were reduced from 19.3% to 14.1% 
(p<0.001). Corresponding proportions in the control 
group were reduced from 17.3% (2016) to 14.4% (2019) 
(p<0.001). Between 2016 and 2019, overall mean HbA1c 
decreased by 2.8 mmol/mol (p<0.001) at intervention 
clinics compared with 2.3 mmol/mol (p<0.001) at control 
clinics. After adjusting for the baseline differences in 
glycaemic control, there were no significant differences 
in the overall improvement in glycaemic control between 
intervention and control clinics.
Conclusions The registry linked QIC did not result in a 
significantly greater improvement in glycaemic control at 
intervention clinics compared with control clinics. However, 
there has been a sustained improvement in glycaemic 
control and importantly a significant reduction in the 
proportion of patients with poor glycaemic control at both 
intervention and control clinics during and after the QIC 
time frame. It is possible that some of this improvement 
may be due to a spillover effect from the QIC.

BACKGROUND
The Diabetes Control and Complications 
trial demonstrated that improved glycaemic 
control over an average of 6 years significantly 
reduced the risk of developing microvascular 
complications of diabetes.1 Intensive therapy 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ A high proportion of patients with type 1 diabe-
tes mellitus have poor glycaemic control (defined 
as glycated haemoglobin (HbA1c)≥75 mmol/mol). 
Improved blood glucose control reduces the risk of 
developing microvascular and macrovascular com-
plications and decreases the mortality rate in these 
patients. Quality improvement collaborative (QIC) 
can promote quality improvement in healthcare by 
bringing together healthcare providers to focus on a 
common problem.

WHAT THIS STUDY ADDS
 ⇒ Contemporaneously with a QIC initiated and coor-
dinated by a national diabetes registry, the propor-
tion of patients with HbA1c≥75 mmol/mol and mean 
clinic HbA1c decreased significantly both at inter-
vention and control clinics. A lack of a significantly 
greater improvement in glycaemic control at inter-
vention clinics compared with control clinics could 
possibly be partly explained by spillover effects from 
the QIC mediated by easy access to online monthly 
updated outcome measures at both intervention and 
control clinics. The study also discusses the prob-
lems associated with analysing the effects of QICs in 
a complex and changing medical environment.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our experiences with this nationwide QIC will be of 
interest to others who are planning similar quality 
improvement initiatives.
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also reduces the incidence of cardiovascular disease in 
type 1 diabetes mellitus (T1DM) that persisted for up to 
30 years2 and reduces the mortality rate after 27 years.3 
A registry- based observational study of adults with T1DM 
in Sweden demonstrated a substantial increase in all- 
cause mortality with higher mean glycated haemoglobin 
(HbA1c) levels.4 Norwegian diabetes guidelines recom-
mend a HbA1c target of about 53 mmol/mol for patients 
with diabetes, as long as it can be obtainable with a good 
quality of life and without unacceptable hypoglycaemic 
episodes.5 A registry- based study from Norway in 2012 
revealed that 22% of patients with T1DM≥18 years had a 
HbA1c≥75 mmol/mol.4 6 Comparable results have been 
reported from other European countries7 8 and the USA.9

Quality improvement collaboratives (QIC)s have been 
widely adopted as an approach to share learning and 
improvement in healthcare. A systematic review of QICs 
published in 2018 found that an improvement was reported 
for one or more of the study’s primary effect measures in 
32/39 hospital based QICs.10 Furthermore, a systematic 
review and meta- analysis from 2012 found that QI strategies 
or financial intensives targeting health systems, healthcare 
professionals or patients reduced HbA1c by a mean differ-
ence of 0.37% (4 mmol/mol).11 Experience from Sweden 
has also shown that a systematic QIC in combination with 
national quality registers can improve clinical results.12 13

Healthcare services in Norway such as outpatient treat-
ment, diabetes medication, insulin pumps and monitoring 
devices are largely state- funded. Annual personal payment 
for healthcare is limited to approximately US$250. The 
majority (>90%) of the Norwegian patients with T1DM 
attend diabetes outpatient clinics at hospitals, and a patient 
with T1DM will typically have one annual consultation with 
a doctor and two with a nurse. The consultations are mostly 
carried out by endocrinologists and diabetes nurses.

The Norwegian Diabetes Register for adults (NDR- A) 
is a nationwide quality register that collects data from 
patients with T1DM aged 18 years and older. The NDR- A 
report from 2015 showed that the proportion of patients 
with T1DM with poor glycaemic control (defined as 
HbA1c≥75 mmol/mol) in diabetes outpatient clinics 
varied between 5% and 30% (mean 19%), and that only 
23% attained a target of HbA1c≤53 mmol/mol.14 These 
annual report data from 2015 highlighted the need for 
improvement in glycaemic control.

The aim of the present study is to determine whether 
the QIC initiated by the NDR- A reduced the proportion 
of patients with poor glycaemic control and reduced mean 
HbA1c in patients with T1DM attending hospital outpa-
tient clinics that participated in the intervention compared 
with a control group of clinics.

METHODS
The NDR-A and the registry linked structured diabetes 
electronic patient record
The NDR- A was established in 2006 as a national quality 
registry. The registry developed, together with Emetra 
AS, a structured diabetes electronic patient record (EPR) 

that contains predefined variables that enables online 
collection of registry data (DIPS FastTrak). The diabetes 
EPR is partially integrated into the hospitals’ main EPR. 
All clinics that report patient data to the registry must use 
the diabetes EPR. A prerequisite for data transfer during 
this project was that patients had given written informed 
consent to be registered in NDR- A. The proportions of 
clinics reporting data to NDR- A increased from 72% of all 
clinics in Norway in 2016 to 98% in 2019 (total number of 
clinics in Norway was 52 in 2019).

Study design
The present study is a multicentre, non- randomised 
registry- based intervention study with a controlled before 
and after design. A total of 15 outpatient clinics were 
invited to participate in the intervention (QIC) and 13 
accepted the invitation. The clinics were invited if they 
met two eligibility criteria: they had to have reported more 
than 50 patients with T1DM to the NDR- A in 2016 and 
they also had to be one of the 15 clinics with the highest 
proportion of patients with an HbA1c≥75 mmol/mol. 
One clinic declined to participate as they were unable 
to assign two healthcare professionals to the collabora-
tive due to a lack of resources, the other clinic declined 
because the post of endocrinologist at the hospital was 
vacant. The two that declined, and an additional 12 
clinics were used as a control group of non- participating 
centres. At inclusion all the clinics in the control also had 
to report more than 50 patients with T1DM to the NDR- A 
in 2016. At inclusion (2016), the clinics in the interven-
tion group had a total of 5145 patients with T1DM and 
control clinics had a total of 4084 patients with T1DM.

Intervention
The intervention (the QIC) was planned with input 
from the Breakthrough Series Collaborative Method, a 
model for achieving breakthrough improvement and 
was planned in three phases: the preparation phase, the 
active project phase and the follow- up phase (figure 1).

The preparation phase (September 2016–January 2017)
A project management team comprising two endocrinol-
ogists, a diabetes nurse and a biomedical laboratory scien-
tist was established within the NDR- A. Each participating 
clinic designated two healthcare professionals (endo-
crinologist and diabetes nurse) as project coordinators at 
their own clinic. The project coordinators were required 
to attend four national project meetings.

The active project phase (February 2017–April 2018)
This phase included a kick- off meeting, two workshops 
and a concluding meeting (figure 1).

The project management team encouraged the clinics 
to make individual action plans that were both appro-
priate and feasible. The team recommended that clinics 
used specific quality improvement processes both to 
develop and implement the action plans. To achieve 
this the agenda at the kick- off meeting and subsequent 
meetings included talks and discussions about several 
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improvement methodologies including brainstorming, 
using a prioritisation matrix, driver diagrams, action 
plans and the use of plan- do- study- act (PDSA) cycles.15 
The agendas also included professional updates about 
the best available treatment strategies to lower HbA1c, 
sharing experiences between the clinics and how to focus 
on the quality challenge and improved teamwork.

Clinics were required to submit action plans that 
included measures that could potentially reduce HbA1c 
values in patients with poor glycaemic control. Clinics 
were advised to use a PDSA model for improvement,16 
to arrange frequent team meetings to evaluate the 
improvement- process based on process measurements 
and to assess the need for adjustment to the action- 
plans within each clinic. Examples of actions were: more 
frequent use of short consultations,1 supplementary 
telephone- consultations, more frequent blood glucose 
measurement,17 use of continuous glucose monitoring 
(CGM) devices,18 modifying insulin regimens19–23 and 
structured training in self- treatment of diabetes.24 To eval-
uate progress during the project the clinics received local 
reports including aggregated monthly data extracted 
from the diabetes EPR, showing the proportion of patients 
at their clinic with HbA1c≥75 mmol/mol. Healthcare 
workers could also access this data on an online graph-
ical interface (dashboard) that was automatically updated 
from the diabetes EPR. In addition, this electronic dash-
board solution provided benchmarking with other 
clinics in the QIC. Participating clinics were encouraged 
to study processes related to their local action plan, for 
example, monitoring the number of short and/or tele-
phone consultations with patients with poor glycaemic 
control. However, these process- measurements are not 
included in this manuscript as they were not collected by 
the NDR- A.

The follow-up phase (from April 2018 to December 2018)
During this phase, there was ad hoc telephone and email 
contact between the clinics and the NDR- A. The partici-
pating clinics were encouraged to incorporate successful 
improvement strategies into the clinics day- to- day prac-
tices.

Patient and public involvement
The Norwegian Diabetes Association supported the 
project on behalf of its members and advised the project 
management team in the planning phase of the project. 
Members of the Association participated in the workshops 
as observers and wrote subsequently an article about the 
project in its member magazine.

Funding of the project
The project was funded with a grant of 1.1 million NOK 
from the Center for Clinical Documentation and Evalua-
tion (SKDE), a national coordinating body for all quality 
registries that contributes to equal health services of good 
quality no matter where the patients live. The funding 
covered salaries for the project management, develop-
ment of software for monthly reports as well as four work-
shops for the participants. There was no funding for addi-
tional resources at participating clinics.

Outcome measures
The primary outcome measure was the overall propor-
tion of patients with poor glycaemic control (defined 
as HbA1c≥75 mmol/mol) in the intervention group 
compared with the control group at the following points 
in time: before the intervention (2016), at the comple-
tion of the active phase (2018) and 1 year later (2019). 
The secondary outcome measure was to compare mean 
HbA1c in the intervention and control groups at the same 
time points. Differences in change over time between the 
intervention clinics and the control clinics were tested by 

Figure 1 Flow chart illustrating the time line of the project with three phases: (1) The Preparation phase (September 2016–
January 2017) where the project team was established, a plan for the intervention was developed and recruitment of clinics was 
performed. (2) The active project phase (February 2017–April 2018) with meetings and workshops and active periods (AP) where 
the clinics identified problems and improvement areas at their centre, created action plans after the kick- off meeting, tested 
changes, evaluated and followed up on the results. (3) Follow- up phase (April 2018–December 2018) with implementation and 
follow- ups of successful changes. AP, active periods; NDR- A, The Norwegian Diabetes Register for Adults.
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including an interaction term between time and group 
in the generalised estimating equations (GEEs) models.

Data collection
The following diabetes- related variables were imported 
from the diabetes EPR to the NDR- A: age, sex, body mass 
index, smoking habits, HbA1c (both point of care and 
laboratory values), diabetes duration, systolic blood pres-
sure, data on insulin treatment, percentage of patients 
using CGM, microalbuminuria, retinopathy requiring 
treatment, myocardial infarction and stroke.

To measure how the QIC progressed healthcare 
personnel at each clinic in the intervention group 
reported the self- assessed level of progress three times 
during the project. The question used to measure the 
level of impact was a five- point Likert scale (1–5) devel-
oped by the Norwegian national patient safety campaign 
‘In safe hands’ (online supplemental file 1).25 The target 
level was 4 or 5 at the end of the project.

At the end of the project healthcare personnel at the 
clinics in the intervention group responded to a question-
naire designed to map how work routines had changed 
when treating patients with poor glycaemic control 
(online supplemental file 2).

Finally, the proportion of patients with HbA1c≥75 mmol/
mol (monthly aggregated data) were imported directly 
from the structured diabetes EPR for both the clinics in 
the intervention and control group.

Statistical analysis
The continuous variables were approximately normally 
distributed, and Student’s t- test and χ2 were used to test 
for differences between intervention- and control group 
at baseline. We used the differences in the proportion 
of patients with HbA1c≥75 mmol/mol and mean HbA1c 
in 2016, 2018 and 2019 as effect measures. Since there 
is a large but not complete overlap in patients included 
for the three calendar years, GEEs were used to account 
for repeated measurements on the same patients. We 
specified an unstructured correlation structure in all 
models. Change in average HbA1c was analysed with 
continuous HbA1c as dependent variable and year as a 
categorical independent variable with normal distribu-
tion and identity as link function. Change in proportion 
with HbA1c≥75 mmol/mol was analysed with the binary 
HbA1c variable as dependent variable and year as a cate-
gorical variable with binomial distribution and log as link 
function. Exponentiated regression coefficients from 
the models with binomial distribution and log- link were 
reported as risk ratios (RRs) with 95% CIs. RR from the 
within- group analyses describes how much the propor-
tion with HbA1c≥75 mmol/mol is reduced (eg, RR=0.70 
means that the proportion with HbA1c≥75 mmol/mol 
is reduced by 30%). Differences in change over time 
between the intervention clinics and the control clinics 
were tested by including an interaction term between 
time and group in the GEE models. The regression coef-
ficients for the interaction terms can be interpreted as the 

difference in change over time between the intervention 
group and the control group. Due to differences in inclu-
sion criteria for the intervention group and the control 
group, the difference in mean HbA1c and proportion 
with HbA1c≥75 mmol/mol at baseline was not random. 
To adjust for higher mean HbA1c and proportion with 
HbA1c≥75 mmol/mol at baseline in the intervention 
group and to take into account regression to the mean, 
we performed additional analyses where we omitted the 
main effect of group from the models.26 For analyses of 
continuous HbA1c the coefficient for the interaction 
term at each time point can be interpreted as difference 
in mean Hba1c between the intervention group and the 
control group, conditioning on equal means at baseline. 
For analyses of proportion with HbA1c≥75 mmol/mol the 
exponentiated coefficient for the interaction term can 
be interpreted as relative difference in proportion with 
HbA1c≥75 mmol/mol in the given calendar year, condi-
tioning on equal proportions at baseline. The p value 
from the Wald test for the interaction terms were used as 
a measure of significance for between- group difference.

As the number of people with diabetes in the QIC 
increased by 53% in the intervention group and 32% in 
the control group, we also performed a sensitivity analysis 
where we have only included patients that are included in 
the NDR- A all 3 years.

Statistical significance was assigned as p≤0.05. All statis-
tical analyses were performed by using SPSS V.26.

To visualise longitudinal changes in the proportion 
of patients with HbA1c≥75 mmol/mol before and after 
introduction of the intervention, we constructed run- 
charts (statistical process control (SPC)) for partici-
pating and non- participating centres based on monthly 
measurements of the proportion of patients with 
HbA1c≥75 mmol/mol in the period 31 January 2015–31 
October 2022.27–29

RESULTS
Demographic and clinical characteristics at baseline are 
presented in table 1.

The overall proportion of patients with T1DM and 
HbA1c≥75 mmol/mol in the intervention group at 
baseline (2016), at the end of the active phase (2018) 
and 1 year later (2019) were 19.3%, 15.5% and 14.1% 
(table 2). There was a reduction of 3.8% from 2016 to 
2018, RR 0.77 (95% CI 0.70 to 0.85) and 5.2% from 2016 
to 2019, RR 0.71 (95% CI 0.66 to 0.77). Corresponding 
proportions in the control group were 17.3%, 14.7% and 
14.4%. This was a reduction of 2.6% from 2016 to 2018, 
RR 0.83 (95% CI 0.77 to 0.89) and 2.9% from 2016 to 
2019, RR 0.77 (95% CI 0.69 to 0.86). In an unadjusted 
analysis, the reduction between 2016 and 2019 was signifi-
cantly larger in the intervention group compared with 
the control group (p- interaction>0.001). However, the 
proportion with HbA1c≥75 mmol/mol at baseline was 
higher in the intervention group compared with the 
control group. In an additional analysis that was adjusted 
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for the baseline differences in the proportion of patients 
with HbA1c≥75 mmol/mol, the difference between the 
intervention group and the control group became non- 
significant (RR interaction=0.93, p- interaction=0.09).

The reduction in the proportion of patients with 
HbA1c≥75 mmol/mol from 2016 to 2018 was significant 
(p<0.05) for 6 of the 13 clinics in the intervention group, 
and for 8 clinics from 2016 to 2019. Seven of these eight 
clinics reported that they had reached the targeted level 
of progress in the QIC (level 4 or 5) at the end of the 
project (table 2).

In the control group, the reduction in the proportion 
of patients with HbA1c≥75 mmol/mol from 2016 to 2018 
was significant (p<0.05) for 3 of the 14 clinics, and for 
5 clinics from 2016 to 2019 (online supplemental file 3, 
table 1).

Mean HbA1c values for all patients in the interven-
tion group were 64.3 mmol/mol (2016), 61.9 mmol/
mol (2018) and 61.4 mmol/mol (2019) (table 3). This 
was a 2.6 mmol/mol (95% CI −3.2 to –2.0) (p<0.001) 
reduction in mean HbA1c of from 2016 to 2018, and 
2.8 mmol/mol reduction (95% CI −3.2 to –2.5 mmol/

mol) (p<0.001) from 2016 to 2019. In the control 
group mean HbA1c values were 63.1 mmol/mol 
(2016), 61.7 mmol/mol (2018) and 61.0 mmol/mol 
(2019). This was a 1.6 mmol/mol (95% CI −2.0 to –1.3) 
(p<0.001) reduction of mean HbA1c from 2016 to 2018, 
and 2.3 mmol/mol (95% CI −2.6 to –2.9) (p<0.001) 
reduction from 2016 to 2019. In an unadjusted anal-
ysis the reduction in mean HbA1c between 2016 and 
2019 was significantly larger in the intervention group 
when compared with the control group (2.8 mmol/mol 
vs 2.3 mmol/mol (p=0.012).

However, the mean HbA1c at baseline was higher in the 
intervention group compared with the control group. In 
an additional analysis that was adjusted for the baseline 
differences in the mean HbA1c, the difference between 
the intervention group and the control group became 
non- significant (0.2 mmol/mol, p=0.456).

Table 3 shows that for eight of the 13 intervention clinics 
the reduction in mean HbA1c from 2016 to 2018 was 
significant (p<0.05). From 2016 to 2019, the reduction in 
mean HbA1c was significant for 11 of the 13 clinics. Eight 
of these 11 clinics reported self- assessed level of impact of 

Table 1 Characteristics of patients with type 1 diabetes in the intervention and control group at baseline (2016) for all 
included patients and the subsample of patients with HbA1c≥75 mmol/mol

Characteristics

All patients with type 1 diabetes
Patients with type 1 diabetes and 
HbA1c≥75 mmol/mol

Control Intervention Control Intervention

All (n=4084) All (n=5145) P value* All (n=692) All (n=973) P value*

Sociodemographic variables

Age, years, mean (SD) 44 (16) 44 (16) 0.644 39 (16) 40 (11) 0.710

Female, % 45 48 0.129 46 43 0.184

Lifestyle characters

  BMI, mean (SD) 26 (5) 26 (4.6) 0.259 27 (7.5) 27 (5.0) 0.157

  Smokers, % 13.2 16.3 0.012 22 25 0.246

Clinical variables

  HbA1c, mean (SD) 62 (14) 64 (14) <0.001 86 (12) 86 (11) 0.710

  Diabetic duration, years, mean (SD) 21 (14) 21 (14) 0.579 22 (15) 22 (15) 0.579

  Systolic blood pressure, mean (SD) 128 (16) 128 (16) 0.663 128 (15.3) 128 (15.3) 0.647

Insulin treatment

  Insulin pen, % 63 69 <0.001 59 67 0.030

  Insulin pump, % 36 31 <0.001 41 33 0.030

Continues glucose monitoring (CGM), % 20 17 0.020 18 14 0.119

Microvascular complications

Microalbuminuria, % 6.5 4.9 0.001 9.2 8.2 0.477

Treated for retinopathy, % 15.4 14.2 0.140 17.0 18.0 0.519

Macrovascular complications

  Heart attack, % 5.7 5.0 0.115 6.0 5.9 0.967

  Stroke, % 1.9 1.6 0.233 2.4 1.7 0.312

The amount of missing data was modest ranging from minimum 2% (HbA1c) to maximum 28% (use of CGM).
*Student’s t- test for continues variables and χ2 test for categorical variables.
BMI, body mass index; HbA1c, glycated haemoglobin.
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the project in the clinic as level 4 or level 5 at the end of 
the project (2018).

In the control clinics, the reduction in mean HbA1c 
from 2016 to 2018 was significant (p<0.05) for 6 of the 
14 clinics, and for 7 of the 14 clinics from 2016 to 2019 
(online supplemental file 3, table 2).

Figure 2 shows SPC run- chart trends in the proportion 
of patients with HbA1c≥75 mmol/mol at intervention and 
control clinics from 31 January 2015 to 31 October 2022. 
The figures show a pronounced decline in the proportion 
of patients with HbA1c≥75 mmol/mol at intervention 
clinics that started when the QIC was initiated (2016). 
Control clinics had a similar decline in the proportion of 
patients with an HbA1c≥75 mmol/mol that commenced 
at a later stage (2018).

Sensitivity analysis
The number of people with diabetes in the QIC increased 
by 53% in the intervention group and 32% in the 
control group during the study period. This could lead 
to concerns that the reductions in HbA1c were due to 
new patients with lower HbA1c. We have, therefore, 

performed a sensitivity analysis (online supplemental file 
4, tables 1 and 2) where we have only included patients 
that are included in the NDR- A all three years (2016, 
2018 and 2019). The results of the sensitivity analysis 
show that the reduction in the proportion of patients with 
HbA1c≥75 mmol/mol and mean HbA1c in both groups 
persist.

Summary of the action plans from the clinics in the 
intervention group
A systematic summary of the clinic’s action plans (online 
supplemental file 3) showed that intensified follow- up 
of the patients with HbA1c≥75 mmol/mol with more 
frequent consultations was one of the main initiatives. 
The additional consultations were usually short, typically 
lasting approximately 15–30 min, and were combined 
with telephone consultations every 3–4 weeks. Increased 
use of Diasend (Glooko, Mountain View, California, 
USA) to transfer blood glucose levels from the patient to 
the clinic before the consultations was also prioritised. In 
the action plans many of the clinics stated that they would 
attempt to improve focus on medical treatment, diet and 

Table 2 Percentage of patients with type 1 diabetes and HbA1c≥75 mmol/mol at the diabetes outpatient clinics in the 
intervention and control group in 2016, 2018 and 2019, difference after intervention (2018) and 1 year after intervention (2019) 
from baseline (2016)

Intervention diabetes 
outpatient clinic 2016, % (n) 2018, % (n) 2019, % (n)

Difference 2018–2016 Difference 2019–2016

Level of 
progress
December 
2018

In 
percentage RR (95% CI)

In 
percentage RR (95% CI)

1 23.6 (152) 17.2 (174) 17.3 (205) −6.4 0.71* (0.61 to 0.83) −6.3 0.75* (0.64 to 0.88) 5

2 17.1 (72) 12.0 (56) 12.1 (63) −5.1 0.70* (0.54 to 0.91) −5.0 0.70* (0.55 to 0.90) 5

3 14.9 (35) 12.3 (44) 10.6 (41) −2.6 0.82 (0.59 to 1.13) −4.3 0.70 (0.48 to 1.03) 3

4 10.1 (7) 11.4 (19) 15.6 (30) +1.3 1.08 (0.54 to 2.14) +5.5 1.51 (0.74 to 3.08) 3

5 22.1 (73) 19.2 (71) 15.5 (70) −2.9 −2.90.85 (0.68 to 1.07) −6.6 0.67* (0.53 to 0.85) 4

6 23.4 (78) 14.5 (58) 10.7 (46) −8.9 0.60* (0.48 to 0.75) −12.7 0.43* (0.33 to 0.57) 5

7 19.4 (30) 13.6 (105) 13.1 (126) −5.8 0.68* (0.49 to 0.95) −6.3 0.64* (0.47 to 0.87) 3

8 23.4 (69) 19.1 (69) 16.2 (63) −4.3 0.82 (0.65 to 1.02) −7.2 0.68* (0.52 to 0.90) 4

9 19.9 (40) 18.1 (38) 14.8 (36) −1.8 0.90 (0.65 to 1.26) −5.1 0.81 (0.57 to 1.14) 3

10 17.1 (35) 19.0 (44) 15.6 (41) +1.9 1.04 (0.78 to 1.37) −1.5 0.86 (0.62 to 1.19) Missing

11 21.6 (119) 17.9 (113) 15.0 (103) −3.7 0.81* (0.67 to 0.97) −6.6 0.67* (0.55 to 0.82) 5

12 14.8 (161) 12.6 (169) 11.5 (165) −2.2 0.84* (0.72 to 0.97) −3.3 0.78* (0.66 to 0.92) 5

13 20.3 (102) 18.9 (95) 17.7 (95) −1.4 0.97 (0.83 to 1.14) −2.6 0.89 (0.73 to 1.07) 4

All intervention clinics 
(n=13)

19.3 (973) 15.5 (1055) 14.1 (1084) −3.8 0.77* (0.70 to 0.85) −5.2 0.71* (0.66 to 0.77)

All control clinics (n=14) 17.3 (692) 14.7 (730) 14.4 (760) −2.6 0.83* (0.77 to 0.89) −2.9 0.77* (0.69 to 0.86)

Interaction test between 
groups (unadjusted for 
baseline HbA1c)

0.96 (0.87 to 1.05) 0.88* (0.79 to 0.97)

Interaction test between 
groups (adjusted for 
baseline HbA1c)

1.01 (0.94 to 1.10) 0.93 (0.86 to 1.01)

Level of progress in the QIP reported from the clinics after intervention (2018).
*p<0.05. RR of having HbA1c≥75 mmol/mol. Level of progress: Level 1: The team has not started. Plans and ideas, but no activity, Level 2: Activity without improvements. Meetings, 
mapping, preparation of schemes, review of previous results, various measurements, but no change in practice, Level 3: Some improvements. Changes in practice compared with 
baseline, Level 4: Significantly improvements obtained. Changes have resulted in measurable improvements compared with baseline, Level 5: Significantly improvements obtained, 
and the improvements have attained breakthrough in the system. The changes have been standardised in the system and will be continued after the end of the project.
HbA1c, glycated haemoglobin; QIP, quality improvement project; RR, relative risk.
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technical equipment as well as offering patients’ courses 
in carbohydrate estimation and the use of insulin pumps/
CGM. Professional development and improved teamwork 
were mentioned in all the action plans.

Clinics were advised to use a PDSA method for improve-
ment and to study processes related to their local action 
plans. Our impression is that most clinics implemented 
multiple changes at one time and that PDSA cycles were 
used to a slightly lesser extent than we had anticipated.

What worked well—expressed by participating clinics 
in the intervention group:

Feedback from meetings suggested that the following 
initiatives contributed to positive outcomes at most clinics:

 ► Participating in the workshops together with other 
diabetes clinics and exchanging experiences about the 

best way to support the patients with poor glycaemic 
control.

 ► Monthly update reports on the proportion of patients 
with T1DM and HbA1c≥75 mmol/mol and clinic 
mean HbA1c were mentioned as key elements that 
contributed to increased awareness and sustainability 
of the project.

 ► More frequent consultations for patients with poor 
glycaemic control and regular team meetings were 
also perceived as key success factors. At the end of 
the project 12 of 13 clinics reported more frequent 
consultations as an established routine (2018).

 ► Increased use of CGM.

Table 3 Mean HbA1c in patients with type 1 diabetes in the intervention and control group in 2016, 2018 and 2019, difference 
in mean HbA1c after intervention (2018) and 1 year after intervention (2019) from baseline (2016)

Intervention 
diabetes 
outpatient clinic

Mean HbA1c, mmol/mol Difference in mean HbA1c, mmol/mol
Level of 
progress

2016 (n) 2018 (n) 2019 (n)
Difference 2018–2016 
(95% CI)

Difference 2019–2016 
(95% CI)

December 
2018

1 65.9 (643) 63.1 (1012) 62.7 (1184) −2.8* (−3.8 to −1.8) −2.9* (−4.9 to –1.9) 5

2 63.0 (421) 60.3 (468) 60.0 (520) −2.7* (−3.8 to 1.6) −2.9* (−4.0 to –1.8) 5

3 61.6 (235 60.5 (358) 59.6 (388) −1.1 (−2.4 to 0.2) −1.6* (−3.1 to –0.04) 3

4 60.4 (69) 59.0 (166) 60.1 (192) −1.4 (−3.7 to 0.8) − 0.2 (−2.8 to 2.4) 3

5 65.0 (331) 62.7 (370) 62.2 (451) −2.3* (−3.5 to −1.1) −2.8* (−4.1 to –1.4) 4

6 65.8 (333) 61.5 (399) 59.3 (428) −4.3* (−5.6 to −3.0) − 6.7* (−8.1 to –5.2) 5

7 64.5 (155) 61.0 (770) 61.4 (963) −3.5* (−5.5 to −1.4) −3.2* (−5.4 to –1.1) 3

8 64.9 (295) 62.8 (361) 62.4 (388) −2.2* (−3.4 to −0.9) −2.8* (−4.3 to –1.3) 4

9 63.7 (201 62.8 (210) 62.4 (244) −0.9 (−2.5 to 0.7) −0.7 (−2.5 to 1.0) 3

10 64.2 (204) 63.2 (232) 61.7 (262) −1.0 (−2.6 to 0.6) −2.1* (−3.7 to –0.5) missing

11 65.5 (550) 62.4 (631) 61.8 (686) −3.1* (−4.2 to −2.0) −4.0* (−5.3 to –2.8) 5

12 62.8 (1089) 61.5 (1324) 60.5 (1434) −1.2* (−1.9 to −0.6) −2.0* (−2.6 to –1.4) 5

13 64.1 (503) 63.7 (502) 62.6 (538) −0.5 (−1.5 to 0.5) −1.5* (−2.6 to –0.4) 4

All clinics in the 
intervention group 
(n=13)

64.3 (5029) 61.9 (6803) 61.4 (7678) −2.6* (−3.2 to −2.0) −2.8* (−3.2 to –2.5)

All clinics in the 
control group 
(n=14)

63.1 (4000) 61.7 (4968) 61.0 (5276) −1.6* (−2.0 to −1.3) −2.3* (−2.6 to –1.9)

Interaction test 
between groups 
(unadjusted for 
baseline HbA1c)

−0.5 (−0.9 to 0.03) −0.8* (−1.4 to –0.2)

Interaction test 
between groups 
(adjusted for 
baseline HbA1c)

−0.2 (−0.6 to 0.2) −0.2 (−0.7 to –0.3)

Level of progress in the QIP reported from the intervention clinics.
*p<0.05. Level of progress of the intervention self- reported from the clinics: Level 1: The team has not started. Plans and ideas, but no activity, Level 
2: Activity without improvements. Meetings, mapping, preparation of schemes, review of previous results, various measurements, but no change in 
practice, Level 3: Some improvements. Changes in practice compared with baseline, Level 4: Significantly improvements obtained. Changes have 
resulted in measurable improvements compared with baseline, Level 5: Significantly improvements obtained, and the improvements have attained 
breakthrough in the system. The changes have been standardised in the system and will be continued after the end of the project.
HbA1c, glycated haemoglobin; QIP, quality improvement project.
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DISCUSSION
Between 2016 and 2019, both the intervention clinics and 
the control clinics reduced the proportion of patients 
with poor glycaemic control (HbA1c≥75 m mmol/mol) 
and the mean clinic HbA1c. Overall there was a signifi-
cant reduction in the proportion of patients with poor 
glycaemic control both at intervention clinics (19.3%–
14.1%) and at control clinics (17.3%–14.4%). Overall 
mean HbA1c decreased by 2.8 mmol/mol at interven-
tion clinics compared with 2.3 mmol/mol at the control 
clinics. At the clinic level 8 of the 13 intervention clinics 
vs 5 of 14 control clinics had a significant improvement 
in the proportion of patients with HbA1c≥75 mmol/mol 
and 11 of the 13 intervention clinics vs 7 of the 14 control 
clinics had a significant decrease in mean HbA1c. These 
improvements in glycaemic control over the course of 
3 years across inboth intervention and control clinics are 
welcome findings that should reduce the risk of patients 
developing diabetes- related complications in the future. 
Can any of the improvement in glycaemic control be 
attributed to the QIC? The scientifically correct answer 
to this question is that the QIC did not contribute to 
the improvement in glycaemic control as there was no 
statistically significant differences in the improvement in 
glycaemic control at intervention clinics compared with 
control clinics after correction for baseline differences in 
HbA1c. This suggests that the improvements in glycaemic 
control were mainly driven by other factors such as more 
widespread use of CGM.

However, we cannot entirely exclude the possibility that 
the QIC contributed indirectly to the improvements in 
glycaemic control via a spillover effect to control clinics. 
Spillover effects from QICs have been reported in other 
quality improvement studies and may complicate designs 
with a control group.12 30 Arguments in support of a spill-
over effect are that NDR- A has from the outset of the QIC 
had a plan to ensure that gains are maintained beyond 
the life of the collaborative and that gains are spread to 

all clinics in Norway. Important elements in this plan were 
that both intervention and control clinics were given online 
access to monthly updated benchmarking key performance 
indicator reports that display the proportion of patients 
with HbA1c≥75 mmol/mol, the proportion of patients 
with HbA1c≤53 mmol/mol and mean HbA1c at their clinic 
compared with other clinics and the national average. The 
same indicators were also included in the annual quality 
feedback report that the NDR- A distributes to all diabetes 
clinics in Norway. Furthermore, representatives from almost 
all clinics in Norway attend an annual NDR- A feedback 
meeting where the above- mentioned HbA1c quality indica-
tors and the improvement collaborative are discussed.

Support for the argument that the QIC may have influ-
enced glycaemic control in both groups can also be found 
in the SPC run chart (figure 2). At intervention clinics, a 
decline in proportion of patients with HbA1c≥75 mmol/
mol started at the initiation of the QIC and continued to 
the present date. Whereas at non- participating clinics the 
decline started approximately 2 years later and continued 
to the present date.

Our study also illustrates the challenges associated with 
designing and analysing a QIC study in a complex and 
changing medical environment. We chose a controlled 
before and after study design. However, we invited 
clinics with the highest proportion of patients with 
HbA1c≥75 mmol/mol to participate in the interven-
tion group as, from a quality improvement perspective, 
there was most room for improvement at these clinics. 
This introduced a bias in the study as participating clinics 
were identified by their ‘outlier status’ with respect to 
the proportion of patients with HbA1c≥75 mmol/mol. 
Additional statistical analyses were required to adjust for 
baseline differences in glycaemic control between inter-
vention and control clinics. In addition, the number of 
patients registered at the clinics increased to a greater 
extent at the intervention clinics compared with control 
clinics and we had to perform a sensitivity analysis to 
assess the possibility that new patients with lower HbA1c 
had influenced the results.

The possibility of using a randomised controlled study 
(RCT) design was considered during the planning phase, 
but we thought that an RCT had some drawbacks as 
blinding is not possible in a QIC. We also reasoned that 
clinics might be less willing to participate in a QIC with an 
RCT design due to the risk that they might be allocated to 
a control group and that would be contrary to their wish 
to improve glycaemic control.

With hindsight an interrupted time series analysis may 
have been the best study design to evaluate the impact 
of this QIC. However, during the planning phase, we felt 
that we lacked the competency to assess the methodolog-
ical considerations specific to interrupted time series 
analysis in this type of intervention.

Regardless of the choice of study design, it will always 
be difficult to evaluate the isolated effect a QIC has 
on a chronic condition like diabetes in a complex and 
changing medical environment.

Figure 2 Statistical process control (SPC) run- chart 
showing the proportion of patients with HbA1c≥75 mmol/mol 
for intervention and control clinics in the period 31 January 
2015–31 October 2022 (based on monthly updates). HbA1c, 
glycated haemoglobin.
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The provision of monthly updated outcome data that 
were readily available to all healthcare workers after 
clicking on an icon in the diabetes EPR was probably the 
QIC feature that was most likely to influence provider 
behaviours and stimulate interest in improving glycaemic 
control. However, this feature was available for both inter-
vention and control clinics and may have reduced the 
likelihood of finding statistically significant differences 
between intervention and control clinics.

Comparison with other studies
The Swedish paediatric diabetes quality registry (SWED-
IABKIDS) QIC from 2014 reported a mean reduction in 
HbA1c of 3.7 mmol/mol in patients with T1DM.12 31 In 
a meta- analysis including 120 randomised QIC, Tricco 
et al found that HbA1c was reduced by a mean differ-
ence of 0.37% (4 mmol/mol) (95% CI 0.28 to 0.45).11 
In a national QIC in Australia where 743 health services 
in primary care participated, the mean percentage of 
patients with diabetes type 1 or 2 with HbA1c≤53 mmol/
mol improved from 25% at baseline to 38% after 18 
months.32 While these studies show a similar reduction 
in mean HbA1c during the QIC, our study also demon-
strates that the patients with the poorest glycaemic 
control (HbA1c≥75 mmol/mol) benefited from the QIC. 
Helping this group of patients to improve their glycaemic 
control has seldom been addressed in previous studies 
despite that improved glycaemic control in this situation 
could lead to significant clinical benefit by preventing 
late diabetes complications and early death.1 2 33

Participating clinics’ evaluation of important elements in the 
QIC
Several of the success factors described by participating 
clinics such as an opportunity to discuss improvement 
methodology and treatment strategies with colleagues at 
the seminars have been described in other studies.12 34–36 
However, the monthly update reports on the proportion 
of patients with T1DM and HbA1c≥75 mmol/mol and 
mean HbA1c was a novel initiative in our project. The 
reports were predefined at baseline and were readily 
available in the diabetes EPR at all the clinics. Partici-
pating centres described the reports as a key factor that 
contributed both to increased awareness and sustaina-
bility of the project, and that it was inspiring to follow the 
monthly feedback reports especially when trends started 
to improve.

Strengths and limitations
The study has several strengths. It was representative for 
the population of patients with T1DM as approximately 
45% of patients with T1DM in Norway were included 
in the intervention or control group and reliable clin-
ical outcome measures were available in the NDR- A. 
Furthermore, the study included an self- evaluation of the 
improvement process in each of the participating clin-
ics—a feature that is often lacking in similar studies.10 No 
clinics in the intervention group dropped out of the QIC.

We have also performed a sensitivity analysis as the 
number of patients included at centres increased between 
2016 and 2019. The results of the sensitivity analysis 
confirm that the improvement in glycaemic control we 
find in the total population is not caused by the addition 
of new patients with lower HbA1c to the groups.

A limitation of the study is that we cannot rule out 
that increased use of CGM at all the hospitals in Norway 
during the project period may have been the main 
driver of improvement in glycaemic control in both 
groups.37–41 However, when we examine national trends 
in the NDR- A database, we find sustained improvement 
in glycaemic control both in CGM users and non- users. 
Finally, correcting for HbA1c measurement bias was not 
performed and may have effected HbA1c- results.42

CONCLUSIONS
This registry linked QIC did not result in a significantly 
greater improvement in glycaemic control at intervention 
clinics compared with control clinics. However, there has 
been a sustained improvement in glycaemic control and 
importantly a significant reduction in the proportion of 
patients with poor glycaemic control at both intervention 
and control clinics during and after the QIC time frame. 
It is possible that some of this improvement may be due 
to a spillover effect from the QIC.

We think that our experiences with this QIC could be 
of interest to other countries that have national quality 
registries for diabetes and other chronic conditions.
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