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ABSTRACT

Aims: In North Karelia, Finland, a team-based service model was implemented in primary healthcare (PHC)
during 2020. In this model, a healthcare customer contacts a nurse who initiates the service process immediately,
possibly consulting or directing customers to other professionals. The effect of this new service model among
patients with type 2 diabetes (T2D) was assessed.

Methods: Data from T2D patients diagnosed by 2016 and still residing in North Karelia in 2023 (N = 6312) were
extracted from electronic health records. Diabetes-related contacts with nurses or physicians in PHC and spe-
cialised healthcare (SHC) were considered, along with emergency care contacts, measurement activity and levels
of glycated haemoglobin (HbAlc) and low-density lipoproteins (LDL) between 2017 and 2022. Annual differ-
ences between areas were analysed using logistic and Poisson mixed models.

Results: The team-based service model increased T2D-related PHC remote contacts with nurses for a couple of
years, but eventually they decreased to a lower level than before. Additionally, the number of other contacts
reduced. It had no effect on measurement activity or treatment levels of HbAlc and LDL.

Conclusion: The team-based service model might reduce the number of healthcare contacts among T2D patients,
but more evidence is needed on its effectiveness and cost-effectiveness.

1. Introduction

health, social and rescue services from 309 municipalities to 22 larger
organisations (21 wellbeing services counties and the City of Helsinki).

Population ageing increases the number of people with chronic dis-
eases and multimorbidity, raising healthcare service use and costs [1,2].
This situation forces legislators and healthcare providers to identify
more cost-effective ways of organising services without neglecting
equality and good quality of care. As a result, the organisational inte-
gration of services has been suggested with interdisciplinary
co-operation between healthcare professionals and client-oriented ser-
vice process [3-5].

Such a reform was prepared [6] and implemented in Finland, starting
at the beginning of 2023. The reform transferred the responsibilities for

North Karelia is one of these wellbeing services counties, which had
already combined the social and healthcare service organisations of 13
municipalities in 2017. This organisational reform in North Karelia was
followed by the adoption of a team-based service model in some of the
area’s primary healthcare (PHC) centres during 2020, to improve
healthcare functioning and processes in a situation with a healthcare
workforce shortage. The main aims of this team model are improved
customer and personnel experience and satisfaction, as well as improved
quality and effectiveness of care. The team-based service model in-
corporates lean management principles, supports the chronic care
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model, and follows an open access service development framework [7].

In North Karelia, improved access has been observed in the first three
municipalities involved, with shorter waiting times and management of
more customers [7]. Customer satisfaction has been good and personnel
satisfaction satisfactory, but in one municipality there was an increase in
the amount of sick leave taken by nurses. However, studies on the effect
of the team-based service model on the treatment of chronic diseases
and related service use are lacking.

In review articles, cooperation among healthcare professionals
treating people with diabetes and other chronic conditions is associated
with better achievements in treatment outcomes, as well as the pre-
vention or reduction of complications and mortality [8,9]. A more
frequent control rate emerged in some studies for HbAlc, blood pres-
sure, body mass index, smoking status, foot examination, pharmaco-
logical treatment, systematic coronary risk evaluation and some cancer
screenings. Similarly, treatment outcome measures improved in blood
pressure, serum lipid levels and HbAlc. Better guideline adherence was
reported, including better diet and smoking cessation. Some improve-
ments were observed in patient reported outcome measures such as life
satisfaction, self-perceived health and quality of life. Improvements
were also seen in physical, emotional and social functioning, symptom
severity, referral to community services, as well as falls of patients and
pressure ulcers. Healthcare-level improvements were observed in access
to care, patient satisfaction, general practitioner satisfaction and
informal caregiver satisfaction. Healthcare costs fell because of a
reduction in length of hospital stays, hospitalisation rates, emergency
department visits, readmission days and re-hospitalisations.

The aim of this study was to assess the effect of the team-based
service model adopted in North Karelia on service use, treatment pro-
cesses and the achievement of treatment outcomes among patients with
type 2 diabetes by comparing those living in team-based service model
areas with those living in other areas. The outcomes included mea-
surement activity and treatment levels of glycated haemoglobin
(HbA1lc) and low-density lipoproteins (LDL).

2. Methods

People with T2D were identified by using the ICD-10 code E11 from
the regional electronic health records which include all public health-
care contacts to the area’s 22 healthcare centres in North Karelia region.
We studied all adult patients diagnosed by 2016 who were still alive and
resided in the North Karelia at the beginning of 2023. Final data include
those who had at least one diabetes-related contact in PHC between
2017 and 2022 (N = 6312).

The retrieved data contains patients’ background information, lab-
oratory values (HbAlc and LDL), and primary and specialised health-
care (SHC) contacts including appointments and remote contact.
Background information consists of date of birth, sex, home munici-
pality and date of death. Diabetes-related (ICD-10 code E11 or ICPC-2
code T90) contacts with nurses or physicians in PHC and SHC were
considered together with health and care plans, retinopathy screenings
and all emergency care contacts.

In a team-based service model, each client has a nominated health-
care service team. The customer always contacts the nurse first, who
initiates the service process immediately. Nurses are not necessarily
specialised in diabetes care, for example. Nurses can consult or direct
customers to other healthcare professionals working in the same room as
a multiprofessional team and organise physical appointments if needed.
In addition to nurses and physicians, a team can include physiothera-
pists and experts from social, mental and substance abuse services as
well as oral health services. A contact person is named for every
customer when first contact is made. Remote services are utilised as
much as possible.

There are thirteen municipalities in the North Karelia region, five of
them being cities. North Karelia it the most eastern region in Finland
with overall population of 162540 in 22,903 km? at the end of 2022.
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Joensuu, the capital of the region, is the biggest city comprising nearly
half of the population. The area is relatively rural, although the majority
of the population resides in cities or smaller towns and thus have easy
access to health services. Seven of the municipalities launched the team-
based service model during 2020 (the city of Kitee 1/2020, Tohmajarvi
3/2020, Liperi 5/2020, the city of Outokumpu 9/2020, Polvijarvi 9/
2020, Heinavesi 10/2020 and Kontiolahti 12/2020) together with a
smaller area of the city of Joensuu (Niinivaara 8/2020). In Joensuu,
citizens having more than half of their PHC contacts in Niinivaara
healthcare centres were regarded as citizens of Niinivaara. The citizens
of seven municipalities together with citizens of Niinivaara, where the
team-based service model was started in 2020, were compared with the
remaining areas.

Statistical analysis

Basic statistics, such as frequencies, percentages, mean values and
range were used to describe the data. Chi-squared, independent samples
t-test and Mann-Whitney test were used to test the differences between
areas in background variables such as sex, age and duration of T2D.
Poisson and binomial mixed models were used to assess the differences
between years or the effect of the team-based service model in the
number of contacts and binary variables including measurement activ-
ity, target achievement and other proportions. These mixed models had
time, area and their interaction as fixed factors and personal id as a
random factor. R statistical software was used in the analyses [10].
P-values less than 0.05 were regarded as statistically significant.

3. Results
3.1. Study data and background information

The total number of people in the study was 6312: 55 % were men
and the mean age was 66 (age range 20-93) in 2017. The percentage of
people residing in team-based service model areas was 45 %. There was
no difference in mean age, sex distribution, duration of T2D or updates
of health and care plans since 2020 between areas. The number of those
with diabetic retina screening was stable over the whole study period in
team-based service model areas. The annual range of those screened was
7.9-10.2 %. In other areas, there was a drop in the number of screenings
in 2020. However, overall they were at a significantly higher level
compared with team-based service model areas, with the annual range
of percentages being 11.3-17.3 %.

3.2. Diabetes-related contacts in primary and specialised healthcare

The mean number of diabetes-related PHC appointments halved in
2020 from the previous year (from1.24 to 0.63) and stayed at a lower
level to the end of the study period (Table 1). On the other hand, the
mean number of remote contacts in PHC nearly tripled in 2019 from the
previous year (from 0.51 to 1.44) and was at its highest in 2020 (1.87),

Table 1

Mean number of diabetes-related appointments and remote contacts per person
in primary healthcare (PHC) and specialised healthcare (SHC) between 2017
and 2022.

2017 2018 2019 2020 2021 2022
PHC appointments 1.55 1.22 1.24 0.63 0.64 0.69
- Nurses 1.25 0.94 0.99 0.53 0.54 0.59
- Physicians 0.30 0.28 0.25 0.11 0.11 0.10
PHC remote contacts 0.45 0.51 1.44 1.87 1.68 1.46
- Nurses 0.43 0.46 0.97 1.37 1.12 0.86
- Physicians 0.02 0.04 0.48 0.51 0.56 0.60
SHC appointments 0.043 0.046 0.059 0.060 0.060 0.099
- Nurses 0.009 0.013 0.016 0.013 0.013 0.039
- Physicians 0.034 0.032 0.044 0.046 0.047 0.061

P-value< 0.001 for the difference between the years in all cases from Poisson
mixed model.
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but declined after that to the 2019 level by 2022 (1.46). This trend was
prominent in the remote contacts with nurses. The remote contacts with
physicians, however, increased smoothly but modestly from 2019 to
2022 (from 0.48 to 0.60). The number of SHC appointments increased
during the study period, especially in 2022. The number of SHC remote
contacts was low and they are not presented here.

3.3. The effect of a team-based service model in diabetes-related contacts
and emergency care contacts

The biggest difference in healthcare usage between areas occurred in
PHC remote contacts with nurses (p < 0.001 for time*area interaction)
(Table 2, Fig. 1A). The mean number of those remote contacts increased
by 0.74 in 2020 from the previous year in team-based service model
areas, while the increase was 0.11 in the other areas. It was double in
team-based service model areas compared with other areas in 2020
(1.88 vs 0.94). However, in both areas the number of remote contacts
reduced to a lower level by 2022 compared with 2019. All the other
contacts (Fig. 1A-C), including PHC appointments with nurses, PHC
contacts with physicians and SHC appointments, stayed at a lower level
until 2022 in team-based service model areas compared with other
areas.

The proportion of those who had at least one diabetes-related PHC
contact was higher in team-based service model areas compared with
other areas during the whole study period (Fig. 1D). It was at its highest

Table 2

Mean number of diabetes-related appointments and remote contacts per person
with nurses and physicians in team-based service model areas (T), other areas
(C) and the difference between areas (Diff) in primary healthcare (PHC) and
specialised healthcare (SHC) between 2017 and 2022.

2017 2018 2019 2020 2021 2022
PHC
appointments
with nurses*
T 1.36 0.89 0.98 0.44 0.39 0.48
C 1.16 0.98 1.00 0.60 0.66 0.68
Diff 0.20 —0.09 —0.02 -0.16 -0.27 —0.20
PHC remote
contacts with
nurses”
T 0.53 0.52 1.14 1.88 1.43 1.02
C 0.34 0.42 0.83 0.94 0.86 0.73
Diff 0.19 0.10 0.31 0.94 0.57 0.29
PHC
appointments
with physicians
T 0.33 0.29 0.24 0.08 0.08 0.08
C 0.27 0.26 0.25 0.13 0.12 0.12
Diff 0.06 0.03 —0.01 —0.05 —0.04 —0.04
PHC remote
contacts with
physicians*
T 0.02 0.04 0.49 0.45 0.53 0.56
C 0.02 0.05 0.47 0.55 0.59 0.64
Diff 0.00 —0.01 0.02 —-0.10 —0.06 —0.08
SHC
appointments
with nurses*
T 0.011 0.016 0.020 0.011 0.010 0.006
C 0.008 0.011 0.012 0.015 0.015 0.029
Diff 0.003 0.005 0.008 —0.004 —0.005 —0.023
SHC
appointments
with physicians
T 0.030 0.031 0.040 0.041 0.045 0.041
C 0.036 0.033 0.047 0.050 0.049 0.077
Diff -0.006 —0.002 —0.007 —0.009 —0.004 —0.036

" P-values < 0.001 (except 0.006 for SHC appointments with physicians) for
time*area interaction from Poisson mixed model.
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in 2019 (75.9 % vs 71.5 %, p < 0.001) and declined thereafter after in
both areas. The biggest difference between areas was in 2021 (68.3 % vs
61.5 %, p < 0.001), but the difference in 2022 was not statistically
significant (p = 0.190). Anyway, the proportion of those who had at
least one PHC appointment reduced in team-based service model areas
to a lower level compared with other areas in 2020 and remained so
until 2022 (p < 0.001 for area*time interaction) (Fig. 1E). The differ-
ence between areas was the highest in 2021 (34.2 % vs 42.0 %). A
similar but opposite difference is seen in the number of those who have
PHC remote contact (Fig. 1F). However, the difference between areas in
2022 was smaller than in 2019.

The mean number of PHC emergency care contacts was at a lower
level in team-based service model areas during the whole study period
and the difference between areas increased after 2019 (p < 0.001 for
area*time interaction) (Fig. 2). The amount of these contacts was also at
its highest in 2019 (1.80 vs 2.03) and declined up to 2021 (0.48 vs 0.94)
when the difference between areas was the highest. There was no dif-
ference between areas in the mean number of SHC emergency care
contacts.

3.4. The effect of the team-based service model in measurement activity
and treatment levels of HbAlc and LDL

Regarding measurement activity and the proportion of those who
achieved the target level of HbAlc and LDL, higher levels were observed
in team-based service model areas throughout the entire study period
(Table 3, Fig. 1A&1 C). The difference between areas in the measure-
ment activity of HbAlc increased with the implementation of the team-
based service model, being highest at the end of study period in 2022.
The difference between areas in terms of the measurement activity of
LDL also increased, but the difference at the end of the study period was
the same as in 2018. The interaction between area and time was not
statistically significant for measurement activity of both HbAlc and
LDL. Differences between areas in proportion to those who achieved the
target level of HbAlc or LDL remained unchanged.

4. Discussion

The team-based service model increased diabetes-related PHC
remote contacts with nurses for a couple of years and reduced the
number of other contacts and thus the overall number of contacts up to
the end of the study period. Increase in remote contacts with nurses is an
obvious consequence, as at the initiation of the new model, healthcare
customers started their service process by contacting a nurse in their
own new health service team. Those remote contacts increased
remarkably in 2020 in team-based service model areas. After that, they
declined but stayed at a slightly higher level in team-based service
model areas compared with the other areas. However, they were at a
lower level at the end of the follow-up compared with 2019 in both
areas. The effect of team-based service model for measurement activity
or the proportion of those who achieved the target level of HbAlc or LDL
was not significant. So, in the long-term, the team-based service model
reduced the number of contacts and hence efficiency but it had no effect
on the quality of care.

In addition to the reduced number of diabetes-related contacts, the
team-based service model decreased the amount of emergency care
contacts in PHC but not in SHC. Review studies assessing the effect of
physician-nurse collaboration on patient outcomes have also reported a
reduction in emergency department visits [11,12] together with a
reduction in hospital stay lengths, hospitalisation rates, readmission
days and re-hospitalisation. In North Karelia, it also improved access and
shortened waiting times, and there were more treated patients among all
patients [7]. Similarly, a reduced patient journey time through the clinic
was observed in a pilot lean project among people with diabetes in the
west of Ireland [13]. In this study, the proportion of patients with at least
one diabetes-related PHC contact was at a higher level in team-based
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Fig. 1. Mean number of primary healthcare (PHC) contacts per person with nurses (A) and physicians (B), mean number of specialised healthcare (SHC) ap-
pointments per person (C), and proportions of those with PHC contact (D), PHC appointment (E) or PCH remote contact (F) in team-based service model areas

(turquoise) and other areas (black) between 2017 and 2022.
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Fig. 2. Mean number of PHC emergency care contacts in team-based service
model areas (turquoise) and other areas (black) between 2017 and 2022,
p < 0.001 for time*area interaction.

service model areas during the whole study period. A similar and
increased difference between areas is apparent in corresponding remote
contacts. Instead, the team-based service model decreased the propor-
tion of those with at least one physical appointment. In addition to
changes in the service process, the simultaneous challenges with the
workforce can partly explain the reduction in appointments.

The difference between the areas in the measurement activity of
HbAlc and LDL was the lowest in 2019 and increased thereafter.
However, the time*area interaction was not statistically significant in
both cases. The difference between areas in proportion to those who
achieved the target of HbAlc or LDL remained unchanged. So far,
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Table 3

Proportion of those with HbAlc and LDL measurement and of those who ach-
ieved the target (HbAlc<7 % and LDL<2.6 mmol/l) in team-based service
model areas (T), other areas (C) and the difference between areas (Diff) between
2017 and 2022.

2017 2018 2019 2020 2021 2022 p*
HbA1lc measured, %
T 82.6 81.9 81.7 77.5 78.7 80.9
C 80.2 78.2 80.7 75.2 74.4 75.6
Diff 2.4 3.7 1.0 2.3 4.3 5.3 0.077
HbAlc< 7 %, %
T 68.9 66.7 64.1 58.5 60.3 57.3
C 66.2 64.6 66.0 55.8 56.3 54.6
Diff 2.7 2.1 4.1 2.7 4.0 2.7 0.888
LDL measured, %
T 77.4 75.3 75.3 70.4 70.0 72.1
C 72.6 69.2 72.3 64.6 64.7 66.0
Diff 4.8 6.1 3.0 5.8 5.3 6.1 0.544
LDL< 2.6 mmol/I,
%
T 59.4 61.7 67.2 77.8 81.4 83.9
C 58.8 59.3 63.4 73.9 79.6 80.4
Diff 0.6 2.4 3.8 3.9 1.8 3.5 0.222

* P-values for the time*area interaction from logistic mixed model.

research into similar team-based service models initiated in North Kar-
elia is sparse and the results are not easily comparable with earlier
research findings. Research into T2D care exists on nurse-managed
protocols where, however, the nurses are usually specialised or other-
wise qualified in diabetes care.

In a meta-analysis of eight studies assessing the effects of such nurse-
managed protocols, a 0.4 % (95% CI: 0.1 %-0.7 %) decrease was
detected in HbAlc [14]. A similar reduction in mean HbAlc of 0.48 %
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(95 % CI: 0.08 %-0.88 %) was reported due to the nurse-physician
teamwork at a one-year follow-up [15]. Also, a statistically nonsignifi-
cant decrease of 0.31 mmol/1 (95 % CI —0.11-0.73 mmol/1) in LDL was
observed in the meta-analysis of six studies [14]. A similar statistically
significant reduction of 0.23 mmol/1 (95 % CIL: 0.10-0.36 mmol/1) was
observed in nurse-coordinated care [16].

The new team-based service model in North Karelia differs from the
nurse-managed protocols or nurse-physician teams working together.
Such approaches have been in place in North Karelia for decades,
especially in the care of patients with T2D. In the new model, a multi-
disciplinary team takes responsibility for patients registered with the
team, regardless of their background illness, and a diabetes nurse is not
necessarily involved. This might explain the lack of improvement in the
achievement of targeted treatment levels. Also, the team-based service
model reduced the proportion of those who had physical appointments.
Being treated only remotely might not be so effective.

There were also other changes taking place during the study period
in North Karelia. So-called “urgent care clinics” were launched in all
areas by 2019. The main idea was to increase the consulting role of
physicians. That could be one reason why the number of remote contacts
notably increased in 2019. In addition to the real increase, the higher
rates could also be a consequence of the increased and more thorough
documentation. Furthermore, the healthcare centres starting the team-
based service model were supposed to reduce waiting lists before
starting, even with overtime.

The COVID-19 pandemic also had an impact on changes in the ser-
vice pattern. For example, at the end of March 2020, due to the
pandemic, healthcare customers in North Karelia were advised to call
first before coming to healthcare centres. Healthcare centres were
turning their services into an epidemic model. Healthcare personnel
identified patients at higher risk and offered remote health counselling.
Those with a greater service need were also more likely to seek face-to-
face contact [17]. There was, however, a clear change in service pattern
in both areas. Overall, the number of diabetes-related physical ap-
pointments halved, and the number of remote contacts kept increasing
in 2020. The effect was much more obvious in team-based service model
areas. The number of PHC remote contacts with physicians decreased in
2020 only in team-based service model areas, and stayed at a lower level
until the end of the study period. Also, the decrease in the number of
PHC appointments was more significant and durable in team-based
service model areas. The aim to increase the proportion of remote
contacts occurred in both areas in 2020 but the proportion was clearly
higher in team-based service model areas.

Furthermore, driven by the pandemic and workforce challenges
observed with the uptake of the new service model, “our model” was
implemented in all municipalities in North Karelia in April 2021. The
biggest difference from the team-based service model was that teams
develop their own work continuously following agreed common frames,
and integrate services and care chains as a reasonable entity for cus-
tomers [18]. At the same time digital services, including face-to-face
remote contacts and safe digital data transfer systems, were improved
and extended. Thus, remote contacts have become more useful and
reduced the need for physical appointments. It is anyway difficult to see
similar effects of “our model” as in the implementation of the
team-based service model.

Strengths and limitations

The data from this study is from regional electronic health records
that cover all the public healthcare contacts of North Karelia area with
no missing values or selection bias. On the other hand, the follow-up of
all the patients is not so systematic that the measurements describing the
results of care would be as frequently and with similar time intervals
available for everyone. The follow-up time after the initiation of the
team-based service model was rather short. The potential long-term
effects of changes in the service model, particularly regarding treat-
ment outcomes, should be re-evaluated after several years. This study
focuses on people with type 2 diabetes, it would be beneficial to know
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the situation of other patient groups as well. Further, analyses are done
with data from only one region in Finland and the region is not repre-
sentative for the whole country.

5. Conclusion

The use of the team-based service model clearly made changes to the
treatment process by reducing the number of physical appointments.
Achievement of targeted treatment levels remained unchanged, how-
ever. For a longer-term evaluation, more follow-up is needed. Also,
changes in the service pattern should be analysed to see if it remains as
planned instead of being an effect of initiation of a new model.
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