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Abstract

Objective: To analyze the clinical outcomes of patients with type 2 diabetes (T2D) before and after implementation of a
personalized care plan in the primary health care setting. Design: Observational, retrospective, real-world study. Setting:
All T2D patients with a care plan in Rovaniemi Health Center, Rovaniemi, Finland, for whom data were available from a
baseline visit (in 2013-2015 during which the care plan was written) and from a follow-up visit, including an updated care
plan by the year 2017. Subjects: In total, 447 patients were included. Mean age was 66.9 (SD 10.1) years, 58.8% were
male, 15.4% were smokers, 33.1% had vascular disease, and 17.0% were receiving insulin treatment. The mean follow-up
time was 14.4 months. Main Outcome Measures: Glycosylated hemoglobin Al (HbAc), low-density lipoprotein (LDL),
blood pressure (BP), and body mass index (BMI). Clinical values were taken at both baseline and follow-up. Results: LDL
decreased by 0.2 mmol/L, systolic blood pressure by 2.2 mm Hg, diastolic blood pressure by 1.5 mm Hg, and BMI by 0.5
kg/m? (P < .05 for each). The decrease in HbAlc was 0.8 mmol/mol (P = .07). Conclusion: We observed statistically
significant decreases in LDL, BP, and BMI. Our results indicate that, over 14 months of follow-up, implementation of a
written care plan was associated with small improvements in the clinical outcomes of T2D patients in a primary health care
study population in a real-world setting.
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Introduction plans for patients with chronic disease,>® only 3.3% of pri-
mary care patients in Great Britain® and 16% of T2D
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in place. Limited availability of resources and other factors
may prevent the implementation and utilization of care
plans in clinical practice.®’

A Cochrane review examined the application of care
plan—related working methods (such as goal setting and
patient-centric working) in the treatment of T2D.? It found
that such methodology was associated with improvements
in glycosylated hemoglobin A1 (HbAlc) and systolic
blood pressure (sBP).!%!! Additionally, studies have exam-
ined the effects of care plan—related working methods on
low-density lipoprotein (LDL) levels in patients with
T2D,'%* but only 1 study reported an improvement.'3 To
date, no evidence has been published to show that person-
alized care planning can decrease body mass index (BMI)
in T2D patients.'>'*1® However, it is difficult to compare
the results of studies in this field because of variations in
the terminology used, the intervention methods and their
implementation, and in the selection of study populations
(eg, variations in socioeconomic status and comorbidity
profiles).> Moreover, few studies have examined the
impact on T2D patients’ clinical outcomes of the introduc-
tion of a care plan in the real-world clinical setting. In a
study among primary care T2D patients, those who had a
care plan were observed to have better control in sBP and
LDL, and were more likely to use statins than T2D patients
without a care plan.’

The present study aimed to evaluate the clinical out-
comes (HbAlc, LDL, blood pressure [BP], and BMI)
among T2D patients before, and during 14 months of fol-
low-up after the commissioning of a care plan established
according to national care plan instructions in a primary
health care setting. The proportion of patients who achieved
the recommended treatment targets for blood glucose and
cardiovascular risk factors at baseline and follow-up were
also examined. We hypothesized that in this real-world set-
ting, this population of T2D patients all of whom received a
care plan would demonstrate: (1) partial improvements in
cardiovascular risk factors and (2) an increase in the propor-
tion of patients achieving recommended European treat-
ment targets for HbAlc, LDL, and BP.

Methods

This was a retrospective analysis of data on patients who
were being treated for T2D at the Health Center of
Rovaniemi, Finland. The study population included those
with a care plan and relevant data available from clinical
visits for the years 2013 to 2015, and additional updated
care plan in 2016-2017.

In 2013, Rovaniemi Health Center introduced a care plan
for use as a practical tool in the treatment of chronic condi-
tions, including T2D. The care plan is a structured document,
which gathers patients’ treatment information; it is accompa-
nied by a comprehensive, structured care plan form, which is

maintained in each patient’s records. Prior to the introduction
of the care plan, all health care professionals were trained in
care planning with the importance of its patient-centric
approach and target-setting being highlighted. The imple-
mentation of the care plan was managed successfully by
means of breakthrough method.!” In a breakthrough method,
the implemented topic is predesigned and systematically
highlighted in work community by selected peer-fellow
workers during several month of period. The protocol
includes also recurrent reporting of quality indicators to the
whole work community."” Subsequently our successful
implementation offered us a possibility to do real-world
research retrospectively, but correspondingly prevented us to
establish the control group.

The care plan implemented in Rovaniemi Health Center is
based on care plan form of the Finnish National Institute for
Health and Welfare, which was designed for national use.'®
This is a structured document, which includes subtopics as
follows: (1) the need for treatment (described by a patient), (2)
goals for treatment (which have been established via collabo-
ration between the patient and the health care professional),
(3) action plan to reach the goals, and (4) follow-up plan (fol-
lowing control visits, laboratory tests, etc). At the time of the
care plan’s introduction, patients with T2D received a ques-
tionnaire on self-care, which they completed before their next
follow-up visit to facilitate a patient-centric collaborative
consultation. The completed questionnaires were used by the
center’s 42 general practitioners and 29 nurses to draw up a
baseline care plan for each patient. Figure 1 shows how a per-
sonalized care plan is implemented for a patient at the
Rovaniemi Health Center, and what it contains. An example
care plan can be found in the Supplementary appendix.

Study Protocol and Data Collection

This study followed retrospective and real-world protocol.
The data were collected from patient records by 3 research-
ers. For the purposes of the study, the subjects were identi-
fied only by their assigned study ID. Due to the observational
study setting, no randomization was performed. Study data
parameters consisted only of information recorded as part
of patients’ routine baseline and follow-up visits. Data were
collected anonymously only for scientific purposes.
Participants’ personal data were stored confidentially at the
Rovaniemi Health Center. The study protocol was approved
by the Ethics Committee of Lapland Central Hospital,
Rovaniemi, Finland.

Study Subjects, Baseline Characteristics, and
Outcome Measurements
The study subjects consisted of those T2D patients, who

attended a T2D follow-up visit at the Health Center between
March 1, 2016 and February 28, 2017, whose baseline care
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Figure I.

plans were drawn up between 2013 and 2015, and for whose
updated care plans statistics had been compiled by health
care professionals. No other inclusion or exclusion criteria
were followed. If the same patient had more than one care
plan, the earliest dated was considered to be the baseline
care plan, and the latest dated the updated one. Data on
clinical outcomes were collected both at baseline and dur-
ing the follow-up study. No extra visits were organized for
the purpose of this study. The protocol did not include stan-
dardization of the format of the care plans.

Data on age, sex, number of prescribed regular medica-
tions, and history of treatment for mental illness were col-
lected from patient records. The number of medications and
the use of insulin treatment were obtained from the medica-
tion list in the patient record. A patient was classified as
having been treated for mental illness or addiction if their
record documented contact with an appropriate clinic. The
presence of vascular disease (coronary heart disease,
peripheral vascular disease, previous stroke) and the

Content and implementation of the personalized care plan used in Rovaniemi Health Center, Rovaniemi, Finland.

number of years since T2D diagnosis were evaluated from
the presence of relevant International Classification of
Disease—10th Revision (ICD-10) codes or free text entries
in patient records, respectively.

Clinical outcome data (HbAlc, LDL, BP, and BMI)
were retrieved from patient records of the baseline and con-
trol visits. Changes in each of these variables were calcu-
lated by subtracting the baseline from the follow-up value.
If available, the subjects’ current smoking status and the
number of cigarettes smoked daily were gained from patient
records. Those who reported smoking at least 1 cigarette per
day, were categorized as smokers. Data on height and body
weight were obtained if they were present in the patient
record. The BMI was calculated as the weight (in kilo-
grams) divided by the square of the height (in meters). Data
on BP was also collected from patient records. As recom-
mended by guidelines, BP was self-measured. The mean of
4 days’ double measurements was documented in patient
records.! If self-measured data were not available, the BP
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Table |. Baseline Characteristics of the Study Population.

Variable All Male Female
Patients, % (n) 100 (447) 58.8 (263) 41.2 (184)
Age (years), mean (SD) 66.9 (10.1) 65.7 (9.8) 68.5 (10.4)
Number of prescribed regular medication, mean (SD) 7.4 (3.0) 74 (2.9) 7.6 (3.0)
Smoking,(% (n) 15.4 (69) 17.5 (46) 12.5 (23)
Vascular disease, % (n) 33.1 (148) 39.2 (103) 24.5 (45)
Contact for treatment of mental health or substance abuse, % (n) 19.4 (87) 15.6 (41) 25.0 (46)
T2D duration over 3 years, % (n) 72.0 (322) 73.0 (192) 70.6 (130)
Insulin treatment, % (n) 17.0 (76) 17.9 (47) 15.8 (29)

Abbreviation: T2D, type 2 diabetes.

was measured by the health care professional during the
routine visits.

Biochemical measurements for patients treated at the
Rovaniemi Health Center are performed in a NordLab
laboratory according to national quality standards. Each
subject’s HbAlc level was quantitatively determined in
whole blood samples using an Alere Afinion in vitro
diagnostic test (Abbott, Abbott Park, IL, USA). Venous
blood samples were drawn after overnight fast and LDL
levels were measured using a homogeneous enzymatic
colorimetric assay for LDLC3 (Roche/Hitatchi, Basel,
Switzerland).

The study protocol specified the following clinical treat-
ment targets: HbAlc < 53mmol/mol, LDL < 2.5 mmol/L,
and sBP < 135 mm Hg.' Total number of achieved targets
(0, 1, 2, or 3) were calculated as the sum of aforementioned
treatment targets at baseline and follow-up.

Statistical Methods

Clinical outcome measures were presented as mean and
standard deviation (SD), categorical variables as propor-
tions. The normality of the variables was tested with the
Kolmogorov-Smirnov test. A paired ¢ test was used to eval-
uate the difference between mean values at baseline and
follow-up for HbAlc, LDL, BP, and BMI. The 2-sample ¢
test (also called independent-samples ¢ test) was used to
compare the mean values of 2 groups. Where appropriate, a
nonparametric test (Mann-Whitney U test) was used.
Statistical analyses were performed using IBM SPSS
Statistics for Macintosh, Version 24.0 (Release 2016; IBM
Corp, Armonk, NY). A P value <.05 was considered statis-
tically significant.

Results

Baseline characteristics of the study population (n = 447)
with T2D are presented in Table 1. The mean age was 66.9
years (SD 10.1) and 58.8% were male. The number of med-
ications for T2D was 7.4 (SD 3.0), and 17% of the study

Table 2. Anthropometric and Biochemical Measurements at
Baseline and Corresponding Changes During 14-Month (SD 6.2)
Follow-up, Stratified by Sex.

Baseline, Change,
Variable Mean (SD) Mean (SD) P
All
HbA I c, mmol/mol 50.5 (12.3) —-0.8 (9.6) .07
LDL, mmol/L 2.6 (1.0) -0.2 (0.8) <.05
sBP, mm Hg 135.2 (14.6) -2.2 (13.9) <.05
dBP, mm Hg 78.2 (8.9) -1.5(7.8) <.05
BMI, kg/m? 31.0 (5.5) 0.5 (1.5) <.05
Males
HbAIc, mmol/mol 50.7 (12.2) -0.8 (9.1) .14
LDL, mmol/L 2.5 (0.9) -0.2 (0.7) <.05
sBP, mm Hg 135.3 (14.5) -2.1 (13.1) <.05
dBP, mm Hg 79.0 (9.0) -1.9 (7.8) <.05
BMI, kg/m? 30.7 (5.1) 0.5 (1.4) <.05
Females
HbA I c, mmol/mol 50.3 (12.4) 0.8 (10.3) .30
LDL, mmol/L 2.8 (1.0 -0.2 (0.7) <.05
sBP, mm Hg 135.0 (14.7) -2.3 (14.9) <.05
dBP, mm Hg 77.0 (8.6) -0.9 (7.8) .10
BMI, kg/m? 31.4 (6.2) —0.4 (1.6) <.05

Abbreviations: HbA ¢, glycosylated hemoglobin Al; sBP, systolic blood
pressure; dBP, diastolic blood pressure; LDL, low-density lipoprotein;
BMI, body mass index.

2P from independent-samples t test.

population used insulin. The mean (SD) duration of follow-
up was 14.4 (SD 6.2) months.

Table 2 presents the HbAlc, LDL, BP, and BMI values
at baseline and corresponding changes between baseline
and follow-up stratified by sex. At baseline, the mean LDL
was 2.6 mmol/L (SD 1.0) and the mean sBP was 135.2 mm
Hg (SD 14.6). The mean BMI among males was 30.7 kg/m?
(SD 5.1) and among females 31.4 kg/m?> (SD 6.2).
Statistically significant decreases in LDL, sBP, and BMI
were observed in the whole study population and in both
sexes (P < .05 for all) (Table 2).
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Table 3. Anthropometric and Biochemical Measurements at
Baseline and Change During Follow-up Stratified by Duration of
T2D at Baseline (<3 Years or =3 Years).

Baseline, Change,
Variable Mean (SD) Mean (SD) P
T2D <3 years
HbA Ic, mmol/mol 46.3 (10.1) —-1.0 (11.0) .36
LDL, mmol/L 2.8 (1.0) —-0.3 (1.0) <.05
sBP, mm Hg 135.9 (15.5) —2.6 (13.5) .06
dBP, mm Hg 79.2 (9.5) -1.0 (8.3) .23
BMI, kg/m? 31.0 (5.1) 0.6 (1.7) <.05
T2D =3 years
HbA I c, mmol/mol 52.0 (12.6) -0.8 (9.1) .14
LDL, mmol/L 2.6 (1.2) 0.1 (1.1) <.05
sBP, mm Hg 134.9 (14.3) —2.0 (14.0) <.05
dBP, mm Hg 77.7 (8.5) -1.7 (7.5) <.05
BMI, kg/m? 31.0 (5.7) —0.5(1.4) <.05

Abbreviations: HbA ¢, glycosylated hemoglobin Al; sBP, systolic blood
pressure; dBP, diastolic blood pressure; LDL, low-density lipoprotein;
BMI, body mass index.

2P from independent-samples t test.

The study population was divided into subgroups accord-
ing to the T2D duration at baseline (<3 years or =3 years)
(Table 3). The subgroup with T2D duration <3 years had
higher LDL values at baseline and the change in LDL was
significantly greater than that seen in the subgroup with
T2D duration =3 years (both Ps < .05). However, at base-
line the mean HbA 1¢ was higher in patients with T2D dura-
tion =3 years than in those with duration <3 years (P <
.05). There was a significant decrease in LDL and BMI in
both subgroups (P < .05), and in BP in patients with T2D
duration =3 years (P < .05). The decrease in HbAlc was
0.8 mmol/mol (P = .07).

All 3 laboratory variables from both visits were available
from 387 patients (87%, of all study population). At base-
line, the proportions of the T2D study participants who met
only 0 or | target were 31.0%, while this decreased to
25.0% in follow-up (Table 4). Additionally, the proportions
of participants who met 2 or 3 targets increased from 69.0%
at baseline to 75.0% at follow-up.

Discussion

Statement of Principal Findings

Our novel finding was that a population of 447 T2D patients
in a real-world primary care setting showed improvements
in LDL, BP, and BMI after the implementation of a struc-
tured care plan. Furthermore, the proportions of patients
reaching the recommended treatment targets according to
European standards increased after the introduction of the
care plan.

Table 4. Proportions of Patients (n = 387 of 447) Achieving
Recommended Treatment Targets: HbAlc < 53 mmol/mol,
LDL <2.5 mmol/L, and sBP < 135 mm Hg.

No. of Achieved Targets Baseline, % Follow-up, %
0 5.4 3.6

| 25.6 214

2 43.2 46.8

3 25.8 28.2
Total 100 100

Findings in Relation to Other Studies

Previous studies have examined the role of patient-centric
working methods in the primary care setting in relation to
cardiovascular risk factors.®!0-13:15:1620 However, our study
differs in that the written care plans were drawn up as part
of the patients’ routine clinical care; no study-specific inter-
ventions or resources were used. Our mean follow-up dura-
tion of 14 months was slightly longer than those of earlier
studies with 6 months'"-?* and 12 months®!%!%!4 of follow-
up, and our study population was larger than those of previ-
ous studies.®!""'® In general, care plan-related working
methods have been associated with improvements in HbAlc
levels according to Cochrane review?; however, some of its
original trials showed statistically significant improvement
in HbAlc levels,® 1131420 whereas others did not.'%!>1% We
detected a nonsignificant decrease in HbAlc levels. These
slight varieties may be due to the heterogeneity in study
samples, interventions, follow-up times, baseline HbAlc
levels, and confounding factors. Our findings align with
those of previous studies that showed improvements in
LDL" and BP levels'"!*!5 of T2D patients. Only a few
studies,'"!? ours included, have simultaneously examined
HbAlc, LDL, BP, and BMI among T2D patients. Ours
shows statistically significant improvement in LDL, BP,
and BMI levels. Given the variability in methodologies it is
impossible to make direct comparisons between the results
of different studies. Previous randomized controlled trials
have given results of the effect of patient-centric working
methods on cardiovascular risk factors,” but ours demon-
strates the benefits of structured care plans in a real-world
setting.

Strengths and Weaknesses of the Study

The most important strength of this study is its observa-
tional real-world follow-up setting. Additionally, with many
of our patients having comorbidities and using multiple
medications, the study population reflects what is seen in
clinical practice. One limitation is lack of consistency in the
contents of the care plans, which is inevitable, since the
plans were written by a total of 71 general practitioners and
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primary care nurses. In addition, the number of confound-
ing factors is unlimited in the real-world studies. Despite on
the one hand being a strength, our observational real-world
setting can be also seen as a limitation since this design did
not allow for a control group. Similarly, the successful
introduction of the care plan is a strength in that it improved
patient outcomes, but in terms of study design it can be seen
as a weakness because its use in all patients meant that no
control group was possible for study purposes.

Meaning of the Study

The results of the present study add knowledge about the
benefits of care plan in the treatment of T2D patients in
observational, longitudinal real-world setting. We believe
that the improvements we saw in cardiovascular risk fac-
tors were mainly driven by the use of a patient-centric
working method? and patient-reported outcome mea-
sures,?' which link with the personalized care plan. In
addition, we believe that the care plan can lead to improve-
ments in the quality of care since it acts as a tool for pro-
fessionals to adapt their knowledge of the guidelines to
apply to each individual patient. This, in turn, may improve
medication compliance, self-monitoring skills, and knowl-
edge of nonmedical treatments. Shared decision making
and personalized target setting are also a prominent part of
care planning. Our study indicates that care planning may
be a promising tool to improve the clinical outcomes of
T2D patients in clinical practice. However, there is an
urgent need for benchmarking controlled trials?? to add
our knowledge on this issue.

The content of the care plan should be augmented
through the continuation of active research. Since some
patients benefit from care plans while others appear not to,
individual patient outcomes could in future be improved by
studies of levels of clinical response to care plans. Therefore,
characterizing certain patient groups (ie, patients with men-
tal disorders or multimorbidity) which might benefit most
of the care plan would be of high importance. A further
follow-up study of the same patient population would also
provide additional information on whether the observed
improvements in cardiovascular risk factors can be main-
tained over longer period.
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