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Abstract

Aims
To investigate whether the use of a personalized care plan is associated with clinical outcomes of type 2
diabetes (T2D) treatment in real-world.
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Methods

Quality of treatment was assessed using data from a yearly sample of patients with T2D visiting primary care
health centres in 2012–2016. Patients were divided into three groups: 1) patient has a copy of their
personalized care plan, 2) care plan exists in the patient record only or 3) patient has no care plan. Data on
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smoking, laboratory tests, systolic blood pressure (sBP) and statin use were collected. We compared the
outcomes between the three groups in terms of proportions of patients achieving the clinical targets
recommended by international guidelines.
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Results

Evaluable data were available for 10,403 patients. Of these, 1,711 (16%) had a copy of their personalized
care plan, and 3,623 (35%) had no care plan. Those who had a copy of their care plan were significantly
more likely than those without to achieve the sBP target (odds ratio [OR] 1.39, 95% confidence interval [CI]
1.29–1.51, p <0.001, adjusted for age and gender) and the low-density lipoprotein (LDL) target (OR 1.46,
95% CI 1.34–1.58, p <0.001), and to use statins (OR 1.70, 95% CI 1.57–1.85, p <0.001).
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Conclusions

Patients who had a copy of their care plan had a better control of sBP, LDL, and used statins more likely than
patients without a care plan.

EP

Introduction
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Type 2 diabetes mellitus (T2D) is a substantial public health issue and presents a large economic burden in
most countries worldwide. It has been estimated that 12% of global health expenditure is spent on the
treatment of diabetes and its complications [1]. Smoking, increased glycosylated haemoglobin (A1C),
elevated low-density lipoprotein cholesterol (LDL) and high blood pressure (BP) are cardiovascular (CV)
risk factors for micro- and macrovascular complications [2, 3]. To avoid complications, the following targets
are recommended in the treatment of patients with T2D: non-smoking, A1C <7% (53 mmol/mol), LDL<2.5
mmol/l, and systolic blood pressure (sBP) <140 mmHg [4, 5]. Studies show that all these targets are
achieved in only 0.2–9.0% of patients [6, 7].
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Alongside their medical treatment, patients with T2D should be encouraged to take responsibility for their
own lifestyle changes and follow-up. A personalized care plan is a patient-centric document that requires
motivational discussion between the patient and the health care professionals and includes personalized
target setting and an action plan for treatment [8]. Such an approach has been shown to be associated with
better self-management behaviour [9, 10], favourable A1C level [11], and BP control [12] in patients with
T2D. A personalized care plan can provide a practical tool to enable shared decision making and patient-
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centric target setting in clinical practice. However, the implementation of a personalized care plan can be
hampered by a lack of the required resources, knowledge and skills. Furthermore, health care professionals
may also be reluctant to draw up a personalized care plan if they do not believe that such an approach to
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treatment is supported by evidence in care results [13].

Our study was designed to investigate the association between the use of a personalized care plan and clinical
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CV outcomes in patients with T2D in Finland. Our hypothesis was that T2D patients with a personalized care
plan are more likely to reach their treatment targets, use statins more frequently and have a lower CV risk
than those without such a plan. In this paper we refer to “A personalized care plan”, when the patient had a
copy of their care plan and to “A Care plan” when the plan was on record but not shared with the patient.
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Methods

Study Population and Data Sources

This study followed a real-life cross-sectional protocol. The Finnish Quality Network (FQN) was
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implemented to assess the quality of primary healthcare in Finland. As part of this initiative, the quality of
treatment in a yearly 2-week sample of consecutive patients with T2D (age range 15–80 years) visiting
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physicians (mainly general practitioners) and nurses in communal health centres in September during the
years 2012–2016, was measured. Altogether 54 health centres have participated in these measurements, most
centres only once, some of them every year. The number of patients in each yearly sample varied from 1853
to 3455. The number of participating health centres varied from 18 to 41 per year. The data were usually
collected manually and entered into a database by physicians and nurses, although in some cases, the data
were automatically added to the FQN database by the decision support system [14]. For example, in 2016
five health centres used the decision support system.

The data included age, gender and biochemical measures (A1C, LDL, high-density lipoprotein (HDL), and
total cholesterol levels) from the patient records. Patients were asked about their statin use, family history of
CV disease and smoking status. Both daily and occasional smokers were considered smokers in this study.
3
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FQN’s preferred source of sBP data is the patient’s own home measurement log, wherein the mean of the
four most recent double measurements is recorded. In the absence of such a log, data from the patient’s
official record could be used, or if none of this information was available, the average of a double
measurement performed during a nurse or physician visit was used. In the present analyses, the formula
developed by Niiranen et al [15] was used to normalize data from measurements performed by patients with
those performed by health care professionals. This formula allows equivalent CV risks to be estimated from
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home and office BP measurements.

T2D patients were categorized in the analyses into three groups based on the status of their T2D care plan: 1)
patient has a copy of the personalized care plan, 2) patient’s care plan is only in the patient record or 3)
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patient has no care plan. The indicators for successful treatment were as follows: non-smoking, A1C <7%
(53 mmol/mol), LDL< 2.5 mmol/l, sBP< 133 mmHg at home (corresponding to 140 mmHg at the office
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[15]). Statin use (yes/no) was reported by the health care professional based on information from the patient
and their health record. We used the FINRISK formula [16] to assess patients' overall risk for CV disease to
compare the groups. The FINRISK formula an individual’s percentage of an acute myocardial infraction and
stroke within the subsequent 10 years.

The National Institute for Health and Welfare (THL) has designed a health and care plan form for national
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use in Finland [17]. It is a structured document, which includes the topic, name and ID of the patient, date
the care plan has been written, names of health care professionals responsible for treatment and following
subtopics: 1) the need for treatment (described by a patient), 2) targets for treatment (which have been
established by the patient and health care professional together), 3) action plan, and 4) follow-up plan. An
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example of the personalized care plan is provided in Figure 1. It is recommended that a care plan is drawn up
when the patient has at least one chronic condition. In Finland, the care plan is mainly drawn up in the
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primary health care setting by physicians and/or nurses. It is recommended that the patient has input into the
care plan and receives a copy. Both physicians and nurses use data from care plans in the treatment of their
patients with chronic conditions. In our study, the patient was considered to have a personalized care plan, if
a physician or nurse observed that the plan was recorded in the patient record, and having a copy of it, if the
patient reported having one when asked or if the existence of a patient copy of the care plan was confirmed
in the patient record. The study protocol did not control that the care plan fulfilled the formal structure of the
THL designed care plan or the number of the care plans by each health centre. In the present study, each
health centre contributed records from both patients who had a copy of their care plan, and those whose plan
existed only in their records. The proportion of the patients with T2D who had a care plan varied from 9 to
96% in participating health centres.

4
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Statistical Methods
A logistic regression analysis was performed to examine possible associations between the existence of a
care plan and the chosen quality indicators. Both crude and adjusted (for age and gender) results for reaching
the treatment targets were reported as odds ratios (ORs) with 95% confidence intervals (CIs). ANOVA was
used to determine differences between the three groups in comprehensive CV risk (FINRISK) standardized
by age in both genders, and to calculate statistical significance of the differences. For a reference population

RI
PT

we used the data gathered by the FQN for patients with T2D in the years 2009 – 2013. To determine which
specific groups differed from each other, a post hoc test (Tukey's HSD test) was used. All analyses were
carried out using IBM SPSS Statistics 20. A p-value <0.05 was considered statistically significant.
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Ethics

The data were collected anonymously for the improvement of the quality of care. This procedure was
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approved for scientific purposes by the District Ethics Committee of the University Hospital of Turku,
Finland.

Results
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Evaluable data were available for 10,403 patients with T2D, 48% were women, 15% were smokers, and 50%
were in the age group of 66 to 80 years. The characteristics of the study population are presented in Table 1.

EP

Significantly greater proportions of patients with a care plan achieved the LDL and sBP treatment targets
compared with the group with no personalized care plan (Table 2). The use of statin medication was more
frequent in the groups with a care plan. These differences were more pronounced in the group of patients
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who had a copy of their personalized care plan. No significant association was found between having a
personalized care plan and smoking. Patients with a personalized care plan were significantly less likely to
reach the A1C target (Table 2).

The combined ten-year CV risk for acute coronary syndrome and ischemic stroke was significantly lower in
males who had a copy of the personalized care plan than in the group without a personalized care plan. A
care plan only in the patient record (no copy) was associated with non-significant reduction in CV risk in
males. Parallel, but non-significant results, were observed among female subjects. (Table 3).
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Discussion

Principal finding
We observed that patients with T2D who had a care plan were more likely than those without such a plan to

when a patient had a copy of their personalized care plan.

Strengths and limitations
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use statins and to achieve the intended target levels of LDL and sBP. The association was even stronger
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One important strength of the present study is the large sample of primary care patients with T2D. Primary
care patients rarely have only one disease to be treated – they most commonly have several concurrent
medical conditions [18], and various social and economic problems [19]. Therefore, this study extends our
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knowledge of the benefits in an unselected population of patients with T2D of a patient-centric approach,
including goal setting and a written care plan. A further strength is that our research was conducted among
patients attending many health centres all over Finland, thereby representing a substantial part of the
population. Thus, our methodology was not linked with any particular localized system intended to produce
health care services, or any specific study protocol, and therefore we gathered results that can be generalised
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broadly among primary care patients with T2D in primary care.

There are some limitations in our study that need to be considered. The measures were recorded manually by
health care professionals in most centres, and so misprints and selection errors may have occurred. If so,

EP

however, these errors would have affected all study group similarly. Earlier validation studies by the FQN
have shown a high correlation between data collected from the patient records and data collected during the
quality measurements [20]. Another limitation is that most BP values were from self-measurements. The
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measurement situation was uncontrolled and measurement methods can have varied between patients and
health centres. On the other hand, the use of self-measurements can be considered a strength as home
measured BP is known to be prognostically superior to office-measured BP [21]. Self-measurement is also a
method favoured in guidelines to evaluate BP levels [22, 23].

Presence of personalized care plans and associations with clinical outcomes
In our study, only 16% of patients had received a copy of a personalized care plan from their health care
professionals. Moreover, 35% of patients did not have a care plan in their patient record. We do not know of
a previous study that evaluated the prevalence of personalized care plans among patients with T2D in
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primary health care settings. Our findings suggest that writing a personalized care plan is not yet widely used
in Finland.

Our study indicates that patients with a personalized care plan are more likely to meet their sBP target. This
finding aligns with that of a previous study, which found that hypertension control in patients with T2D was
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improved with the implementation of a care programme in which both clinician and patient were involved in
setting blood pressure goals and a treatment plan [12]. Also, a 2-year-follow-up study showed a positive
association between the presence of a written nursing care plan and improved diastolic BP in patients with
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T2D [24].

In the present study, patients with a personalized care plan in the patient record or a copy of their
personalized care plan were more likely than those without to use statins and reach the LDL target. Previous
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studies have found poor overall adherence to statin therapy in primary care patients, with non-adherence
rates of 37–51% [25, 26]. It remains unclear whether care planning and target setting in T2D treatment
influences medication adherence. Our real-world study found that having a care plan increased the likelihood
of reaching the LDL target. This mirrors the findings of one previous study, which reported an improvement
in LDL when using a patient-centric approach, such as behaviour support intervention, and personalized care
planning [27]. However, several other studies found no such association [24, 28-31]. These differences may
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be due to variation in the ways the studies were carried out.

There are conflicting reports of the influence of patient-centric care and care planning on glycemic control.

EP

Goal setting improved A1C in some but not all studies reviewed in an article by Miller et al [32]. Further, in
a 2-year follow-up study, while a written nursing care plan did not improve A1C in all patients with T2D, it
was associated with a greater proportion of patients staying under the target level of <7% (53 mmol/mol) in

AC
C

the subgroup of patients with poor baseline glycemic control [24]. In the present study, having a personalized
care plan was not associated with the likelihood of reaching the target A1C level. This finding is in line with
a previous study, which also found that patients with a care plan had higher A1C levels than those without
[33]. Those authors hypothesized a role of body mass index as as an explanation for their finding; those with
a care plan and higher A1C also tended to have higher body mass index values. We believe that the negative
association between the presence of a personalized care plan and A1C in our study may have other potential
explanations. Physicians and nurses may utilize the A1C but not LDL or sBP as a core indicator of the need
for diabetes care. Therefore, the caregivers may not perceive a need for a care plan in a patient whose A1C is
on-target, despite of high LDL or sBP. Additionally, our earlier findings showed that glucose is better
treated among T2D patients compared to BP and LDL [34].
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In our study, having a personalized care plan was not significantly associated with non-smoking. This may
be because short interventions, which have been shown to be effective in smoking cessation [35, 36], are
relatively common in clinical practice. Therefore, personalized care plan for T2D treatment does not provide
any additional benefit for smoking cessation. Additionally, smoking cessation may be a more complex
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process in patient’s life than the treatment of hypercholesterolemia and BP.

In the present study, the total CV risk was significantly lower in males with T2D, who had a copy of the
personalized care plan than those without. This significant result was not observed among females, although
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there was a trend towards a smaller risk in the personalized care plan group. We are not aware of any
previous study that evaluated the association between care plan and total CV risk in patients with T2D.
Given that the combined control of T2D patients’ CV risk factors is known to be rarely reached [6, 7], our
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finding that males who have a personalized care plan also have a lower CV risk is of importance, particularly
given the higher overall CV risk seen in male patients [37]. The difference in results between genders may be
because patient-centric discussion in consultations with female patients, even in the absence of a jointly
written care plan.
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Clinical implications and possible mechanisms

The goal of personalized care planning is to improve the treatment of patients with long-term chronic
conditions. We believe that drawing up a care plan with the patient helps health care professionals to pay
attention to patient-centred working method, shared decision making, and personalized targets with action
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plans. To the best of our knowledge, no previous study has evaluated the association between having a
personalized care plan and different clinical treatment outcomes in a large, unselected sample of patients
with T2D. Our research covering a large study population and several study years furthers the understanding
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of the importance of a personalized care plan in real-life. We believe that our promising results could
encourage to the care plan utilization in the treatment of patients with T2D also in other western countries.

Conclusions

In conclusion, the present study shows that a personalized care plan is a promising tool to improve CV risk
factors and clinical outcomes of patients with T2D in the real world. This positive finding highlights a need
for controlled trials to confirm the result. It is also important to know which social and age groups benefit
most from care planning and which kind of health care model is able to produce the most advantageous care
plans.
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A personalized care
plan (n)

5,388 (52%)
5,015 (48%)

1,851
1,772

2,643
2,426

A copy of the
personalized care
plan (n)
894
817

565
1,910
2,594
5,069 (49%)

230
712
769
1,711 (16%)

1,203 (12%)
3,972 (38%)
5,228 (50%)
10,403 (100%)

408
1,350
1,865
3,623 (35%)

AC
C

EP

TE
D

M
AN
U

Table 1. Basic characteristics of the study population.

RI
PT

No care plan (n)

SC

Male
Female
Age group (years)
<51
51-65
66-80
All (n %)

Total (n %)
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95% CI

HbA1c
<7%
(53mmol/mol)
reference
0.89
0.86

(0.82-0.97)
(0.77-0.96)

0.006
0.008

95% CI

P-value

reference
0.89
0.87

(0.82-0.97)
(0.78-0.97)

0.008
0.017

AC
C

EP

TE
D

M
AN
U

SC

No plan
No copy
Copy

Adjusted*
OR

P-value

RI
PT

Crude OR

Table 2. The association between HbA1c, LDL, use of statin, sBP and smoking and the three groups of
type 2 diabetic patients with no personalized care plan (no plan), a personalized care plan in patient
record (no copy) and a copy of the personalized care plan (copy).
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LDL
<2.5mmol/l
No plan
No copy
Copy

reference
1.28
1.47

No plan
No copy
Copy

reference
1.38
1.72

No plan
No copy
Copy

reference
1.22
1.38

(1.21-1.35)
(1.36-1.60)

<0.001
<0.001

reference
1.26
1.46

(1.19-1.33)
(1.34-1.58)

<0.001
<0.001

<0.001
<0.001

reference
1.35
1.70

(1.28-1.42)
(1.57-1.85)

<0.001
<0.001

reference
1.23
1.39

(1.17-1.3)
(1.29-1.51)

<0.001
<0.001

reference
0.92
0.96

(0.85-1.00)
(0.85-1.08)

0.048
0.496

(1.31-1.45)
(1.59-1.86)

SBP
<133mmHg
<0.001
<0.001

SC

(1.16-1.28)
(1.28-1.50)

Smoking
No plan
reference
No copy
0.89
Copy
0.97
* adjusted for age and gender

0.005
0.599

AC
C

EP

TE
D

M
AN
U

(0.83-0.97)
(0.87-1.09)

RI
PT

Use of statin

Table 3. The total cardiovascular risk according to FINRISK (%) in the three patient groups: patients
with no personalized care plan (no plan), patients having a personalized care plan only in the health
care record (no copy), and patients having a copy of the personalized care plan (copy), means,
standardized for age with 95% confidence intervals (CIs) and Tukey’s results presented.
Male
Standardized
mean

Total
risk
No plan

13.04

No

12.98

95% CI

P-value

(12.48-13.6) reference
(12.54-

0.984

Female
Standardized
mean

95% CI

P-value

8.08

(7.698.46)

reference

7.78

(7.47-

0.440
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copy
Copy

13.42)
11.74

(11.0212.47)

8.08)
0.019

7.66

(7.148.17)

0.419

AC
C

EP

TE
D

M
AN
U

SC

RI
PT

**standardized for age
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Figure 1. Example of a personalized care plan for a patient with type 2 diabetes

Personal data of the patient
The compiler of the care plan

RI
PT

Date of documentation
Diagnosis

All concurrent diagnoses in patient’s language (in brackets with international classification of disease (ICD10) codes)

SC

Need for treatment
Patient describes

M
AN
U

Targets of treatment

Concrete and realistic targets discussed and agreed upon by the patient and the physician and/or nurse.
Takes into account local processes and international guidelines.
For example:

Maintenance of BP: under 135/75 mmHg in home measurements (now 143/82 mmHg). Blood pressure will
be calculated four times per year over four-day periods of double measurements.

TE
D

Maintenance of LDL: under 2.5 mmol/L (now 3.2 mmol/L)

Smoking: Answer the motivational questions once a month until next visit
Maintenance of long-term blood sugar (A1C): under 53 mmol/mol (now 60 mmol/mol)
Maintenance of fasting glucose in home measurements: average under 7 mmol/L (now 7.6 mmol/L)

EP

Maintenance of postprandial glucose values: none above 10 mmol/L (now twice a week)
Support, action, follow-up and evaluation:
For example

AC
C

Additional instructions for home monitoring
Changes in medication

Self-management actions discussed during consultation visit
Positive feedback to the patient on achievement of goals
Contact details
The date of the next control visit and previous laboratory test
Medication
List of the names and doses of the patient’s medication.

