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Abstract

Aims

To investigate whether the use of a personalized pkn is associated with clinical outcomes ofetyp
diabetes (T2D) treatment in real-world.

Methods

Quality of treatment was assessed using data frgeady sample of patients with T2D visiting primaare
health centres in 2012-2016. Patients were divitka three groups: 1) patient has a copy of their
personalized care plan, 2) care plan exists irp#ient record only or 3) patient has no care plaata on
smoking, laboratory tests, systolic blood presqg&P) and statin use were collected. We compared th
outcomes between the three groups in terms of piiope of patients achieving the clinical targets
recommended by international guidelines.

Results

Evaluable data were available for 10,403 patie@fsthese, 1,711 (16%) had a copy of their persaedli
care plan, and 3,623 (35%) had no care pldmose who had a copy of their care plan were siarifly
more likely than those without to achieve the s&Meat (odds ratio [OR] 1.39, 95% confidence intef&d]
1.29-1.51, p <0.001, adjusted for age and gendwh)ttze low-density lipoprotein (LDL) target (OR &,4
95% CI 1.34-1.58, p <0.001), and to use statins 10R, 95% CI 1.57-1.85, p <0.001).

Conclusions

Patients who had a copy of their care plan hadterbeontrol of SBP, LDL, and used statins morelifjkhan
patients without a care plan.

Introduction

Type 2 diabetes mellitus (T2D) is a substantialliputealth issue and presents a large economicebuird
most countries worldwide. It has been estimated 11286 of global health expenditure is spent on the
treatment of diabetes and its complications [1].08img, increased glycosylated haemoglobin (A1C),
elevated low-density lipoprotein cholesterol (LDand high blood pressure (BP) are cardiovascular) (CV
risk factors for micro- and macrovascular complmad [2, 3]. To avoid complications, the followitaygets
are recommended in the treatment of patients waib: Thon-smoking, A1C <7% (53 mmol/mol), LDL<2.5
mmol/l, and systolic blood pressure (sBP) <140 mnjkig5]. Studies show that all these targets are

achieved in only 0.2-9.0% of patients [6, 7].



Alongside their medical treatment, patients wittDT@hould be encouraged to take responsibility feirt
own lifestyle changes and follow-up. A personalizede plan is a patient-centric document that regui
motivational discussion between the patient andhibalth care professionals and includes persowialize
target setting and an action plan for treatment [Blich an approach has been shown to be assowiglted
better self-management behaviour [9, 10], favowadC level [11], and BP control [12] in patient&tw
T2D. A personalized care plan can provide a praktool to enable shared decision making and patien
centric target setting in clinical practice. Howevihe implementation of a personalized care plam loe
hampered by a lack of the required resources, ledge and skills. Furthermore, health care profassso
may also be reluctant to draw up a personalized pkmn if they do not believe that such an apprdach

treatment is supported by evidence in care reflL8is

Our study was designed to investigate the assoniagtween the use of a personalized care placlamchl

CV outcomes in patients with T2D in Finland. Oupbthesis was that T2D patients with a personalizsed
plan are more likely to reach their treatment tegese statins more frequently and have a loweni€k/
than those without such a plan. In this papereferrto “A personalized care plan”, when the pdthead a

copy of their care plan and to “A Care plan” whia plan was on record but not shared with the matie

Methods

Sudy Population and Data Sources

This study followed a real-life cross-sectional tpaml. The Finnish Quality Network (FQN) was
implemented to assess the quality of primary heatthin Finland. As part of this initiative, theadjty of
treatment in a yearly 2-week sample of consecypiagents with T2D (age range 15-80 years) visiting
physicians (mainly general practitioners) and mnaiigsecommunal health centres in September durieg th
years 2012-2016, was measured. Altogether 54 heatiines have participated in these measuremeaost, m
centres only once, some of them every year. Thebeumf patients in each yearly sample varied fr@&s3L

to 3455. The number of participating health centraged from 18 to 41 per year. The data were lgsual
collected manually and entered into a databasehggigians and nurses, although in some cases,atiae d
were automatically added to the FQN database bygekesion support system [14]. For example, in6201

five health centres used the decision support syste

The data included age, gender and biochemical mesg¢Al1C, LDL, high-density lipoprotein (HDL), and
total cholesterol levels) from the patient recofeatients were asked about their statin use, fanistpry of

CV disease and smoking status. Both daily and amtalssmokers were considered smokers in this study
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FQN's preferred source of sBP data is the patiemt/a home measurement log, wherein the mean of the
four most recent double measurements is recoraethd absence of such a log, data from the padient’
official record could be used, or if none of thiformation was available, the average of a double
measurement performed during a nurse or physidsih was used. In the present analyses, the formula
developed by Niiranen et al [15] was used to nozaalata from measurements performed by patierits wi
those performed by health care professionals. fbinisula allows equivalent CV risks to be estimatieain

home and office BP measurements.

T2D patients were categorized in the analysestimee groups based on the status of their T2Dare 1)
patient has a copy of the personalized care plapaient’s care plan is only in the patient record3)
patient has no care plan. The indicators for sisfukfreatment were as follows: non-smoking, A1G<7
(53 mmol/mol), LDL< 2.5 mmol/l, sBP< 133 mmHg atrhe (corresponding to 140 mmHg at the office
[15]). Statin use (yes/no) was reported by thethezdre professional based on information frompthgent
and their health record. We used the FINRISK foar{ab] to assess patients' overall risk for CV asseto
compare the groups. The FINRISK formula an indiaitkipercentage of an acute myocardial infractiod a

stroke within the subsequent 10 years.

The National Institute for Health and Welfare (TH3s designed a health and care plan form for meitio
use in Finland [17]. It is a structured documaenvttich includes the topic, name and ID of the pdfidate
the care plan has been written, names of health pafessionals responsible for treatment and viafig
subtopics: 1) the need for treatment (describedh tpatient), 2) targets for treatment (which havenbe
established by the patient and health care prafeakstogether), 3) action plan, and 4) follow-uprpl An
example of the personalized care plan is providdeigure 1. It is recommended that a care plamag/d up
when the patient has at least one chronic conditiorFinland, the care plan is mainly drawn up he t
primary health care setting by physicians and/oses! It is recommended that the patient has impothe
care plan and receives a copy. Both physiciansnanges use data from care plans in the treatmettieof
patients with chronic conditions. In our study, gagient was considered to have a personalizedptane if

a physician or nurse observed that the plan wamded in the patient record, and having a copy, of ihe
patient reported having one when asked or if thetexce of a patient copy of the care plan wasicogatl
in the patient record. The study protocol did rawitool that the care plan fulfilled the formal stture of the
THL designed care plan or the number of the caaegby each health centre. In the present study, ea
health centre contributed records from both padi@rito had a copy of their care plan, and those &bt
existed only in their records. The proportion af fhatients with T2D who had a care plan varied féin

96% in participating health centres.



Statistical Methods

A logistic regression analysis was performed ton@ra possible associations between the existenee of
care plan and the chosen quality indicators. Baildes and adjusted (for age and gender) resulte&mhing
the treatment targets were reported as odds r@iBs) with 95% confidence intervals (Cls). ANOVA sva
used to determine differences between the thregpgrin comprehensive CV risk (FINRISK) standardized
by age in both genders, and to calculate statistigaificance of the differences. For a referepopulation
we used the data gathered by the FQN for patieitbs D in the years 2009 — 201Bo determine which
specific groups differed from each other, a post test (Tukey's HSD test) was used. All analysesewe

carried out using IBM SPSS Statistics 20. A p-vat0e05 was considered statistically significant.

Ethics

The data were collected anonymously for the impmoet of the quality of care. This procedure was
approved for scientific purposes by the Districhies Committee of the University Hospital of Turku,

Finland.

Results

Evaluable data were available for 10,403 patienitis W2D, 48% were women, 15% were smokers, and 50%

were in the age group of 66 to 80 years. The cheniatics of the study population are presentebable 1.

Significantly greater proportions of patients wihcare plan achieved the LDL and sBP treatmenttsirg
compared with the group with no personalized cdae prable 2). The use of statin medication wasemor
frequent in the groups with a care plan. Thesesfices were more pronounced in the group of gatien
who had a copy of their personalized care plan.sigaificant association was found between having a
personalized care plan and smoking. Patients wikraonalized care plan were significantly lessljiko
reach the A1C target (Table 2).

The combined ten-year CV risk for acute coronarydsygme and ischemic stroke was significantly louer
males who had a copy of the personalized care thiam in the group without a personalized care phan.
care plan only in the patient record (no copy) wasociated with non-significant reduction in C\kria

males. Parallel, but non-significant results, waseerved among female subjects. (Table 3).



Discussion

Principal finding

We observed that patients with T2D who had a ckre were more likely than those without such a ptan
use statins and to achieve the intended targetslefeLDL and sBP. The association was even stronge

when a patient had a copy of their personalized pkmn.

Srengths and limitations

One important strength of the present study iddlge sample of primary care patients with T2D Ry
care patients rarely have only one disease to dsel — they most commonly have several concurrent
medical conditions [18], and various social andnecoic problems [19]. Therefore, this study extends
knowledge of the benefits in an unselected popratif patients with T2D of a patient-centric apmtna
including goal setting and a written care plan.ufttier strength is that our research was conduateohg
patients attending many health centres all oveftakd) thereby representing a substantial part ef th
population. Thus, our methodology was not linkethveiny particular localized system intended to poed
health care services, or any specific study prdt@sal therefore we gathered results that can bergésed

broadly among primary care patients with T2D imaty care.

There are some limitations in our study that neeclolet considered. The measures were recorded mahyall
health care professionals in most centres, andisprimts and selection errors may have occurredolf
however, these errors would have affected all styrdyip similarly. Earlier validation studies by tR®N

have shown a high correlation between data collieftten the patient records and data collected duttive
guality measurements [20]. Another limitation isatthtmost BP values were from self-measurements. The
measurement situation was uncontrolled and measmtemethods can have varied between patients and
health centres. On the other hand, the use ofnsdisurements can be considered a strength as home
measured BP is known to be prognostically supéoaffice-measured BP [21]. Self-measurement is als

method favoured in guidelines to evaluate BP lej2sls 23].

Presence of personalized care plans and associations with clinical outcomes

In our study, only 16% of patients had receivedbpycof a personalized care plan from their headtre c
professionals. Moreover, 35% of patients did nateha care plan in their patient record. We do matvk of

a previous study that evaluated the prevalenceeodgmalized care plans among patients with T2D in



primary health care settings. Our findings sugtestwriting a personalized care plan is not yetelyi used

in Finland.

Our study indicates that patients with a persondlizare plan are more likely to meet their sBPetarfhis
finding aligns with that of a previous study, whiidund that hypertension control in patients wiDTIwas
improved with the implementation of a care prograrimwhich both clinician and patient were involiad
setting blood pressure goals and a treatment @dl2h [Also, a 2-year-follow-up study showed a pusit
association between the presence of a written myishre plan and improved diastolic BP in patievith

T2D [24].

In the present study, patients with a personalicack plan in the patient record or a copy of their
personalized care plan were more likely than tivaigout to use statins and reach the LDL targegvieus
studies have found poor overall adherence to sth@mapy in primary care patients, with non-adheeen
rates of 37-51% [25, 26]. It remains unclear whettere planning and target setting in T2D treatment
influences medication adherence. Our real-worldysfound that having a care plan increased thdihiked

of reaching the LDL target. This mirrors the fingénof one previous study, which reported an impmoeset

in LDL when using a patient-centric approach, sastbehaviour support intervention, and personalkized
planning [27]. However, several other studies fonndsuch association [24, 28-31]. These differemcag

be due to variation in the ways the studies weneszhout.

There are conflicting reports of the influence afipnt-centric care and care planning on glycerittrol.
Goal setting improved A1C in some but not all stsdieviewed in an article by Miller et al [32]. Ehar, in
a 2-year follow-up study, while a written nursingre plan did not improve AL1C in all patients witBL, it
was associated with a greater proportion of patistaying under the target level of <7% (53 mmoljrivo
the subgroup of patients with poor baseline glycerointrol [24]. In the present study, having a peadized
care plan was not associated with the likelihoodeathing the target A1C level. This finding idiite with

a previous study, which also found that patientd &i care plan had higher A1C levels than thoshouwit
[33]. Those authors hypothesized a role of bodgsiradex as as an explanation for their findingsehwith
a care plan and higher A1C also tended to haveshigbdy mass index values. We believe that thetivega
association between the presence of a personaaedplan and A1C in our study may have other piaten
explanations. Physicians and nurses may utilizeAtt@ but not LDL or sBP as a core indicator of tieed
for diabetes care. Therefore, the caregivers mapeeive a need for a care plan in a patient e/AdsC is
on-target, despite of high LDL or sBP. Additioyalbur earlier findings showed that glucose is dvett
treated among T2D patients compared to BP and [34L |



In our study, having a personalized care plan vassignificantly associated with non-smoking. Thiay

be because short interventions, which have beewrsio be effective in smoking cessation [35, 36§ a
relatively common in clinical practice. Therefopgrsonalized care plan for T2D treatment does rmtige
any additional benefit for smoking cessation. Aiddially, smoking cessation may be a more complex

process in patient’s life than the treatment ofdrgpolesterolemia and BP.

In the present study, the total CV risk was sigaifitly lower in males with T2D, who had a copy loé¢ t
personalized care plan than those without. Thisiftgint result was not observed among femalebpafih
there was a trend towards a smaller risk in thesqw®lized care plan group. We are not aware of any
previous study that evaluated the association aiveare plan and total CV risk in patients with T2D
Given that the combined control of T2D patients’ @8k factors is known to be rarely reached [6,00
finding that males who have a personalized cane @lso have a lower CV risk is of importance, pattrly
given the higher overall CV risk seen in male patd37]. The difference in results between gendeag be
because patient-centric discussion in consultatigitis female patients, even in the absence of atljoi

written care plan.

Clinical implications and possible mechanisms

The goal of personalized care planning is to improie treatment of patients with long-term chronic
conditions. We believe that drawing up a care pléth the patient helps health care professionalpay
attention to patient-centred working method, shatedsion making, and personalized targets witioact
plans. To the best of our knowledge, no previousiysthas evaluated the association between having a
personalized care plan and different clinical meait outcomes in a large, unselected sample ofrati
with T2D. Our research covering a large study petmn and several study years furthers the unaedatg

of the importance of a personalized care plan al-lifte. We believe that our promising results a@bul

encourage to the care plan utilization in the treait of patients with T2D also in other westerntaas.

Conclusions

In conclusion, the present study shows that a pafized care plan is a promising tool to improve @3k
factors and clinical outcomes of patients with TidDQhe real world. This positive finding highlightsneed
for controlled trials to confirm the result. It @so important to know which social and age groogsefit
most from care planning and which kind of healtreaaodel is able to produce the most advantageanas c

plans.
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Total (n %)

No care plan (n)

A personalized care

A copy of the
personalized care

plan (n) olan (n)

Male 5,388 (52%) 1,851 2,643 894
Female 5,015 (48%) 1,772 2,426 817
Age group (years)

<51 1,203 (12%) 408 565 230
51-65 3,972 (38%) 1,350 1,910 712
66-80 5,228 (50%) 1,865 2,594 769

All (n %) 10,403 (100%) 3,623 (35%) 5,069 (49%) 1,711 (16%)

Table 1. Basic characteristics of the study populan.
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Adjusted*

Crude OR 95% ClI P-value OR 95% ClI P-value
HbAlc
<7%
(53mmol/mol)
No plan reference reference
No copy 0.89 (0.82-0.97) 0.006 0.89 (0.82-0.97) 0.008
Copy 0.86 (0.77-0.96) 0.008 0.87 (0.78-0.97) 0.017

Table 2. The association between Hb4 LDL, use of statin, sBP and smoking and the thregroups of
type 2 diabetic patients with no personalized carplan (no plan), a personalized care plan in patient
record (no copy) and a copy of the personalized caiplan (copy).
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LDL
<2.5mmol/I

No plan

No copy

Copy
Use of statin

No plan

No copy

Copy

SBP
<133mmHg

No plan

No copy

Copy
Smoking

No plan

No copy

Copy

reference
1.28
1.47

reference
1.38
1.72

reference
1.22
1.38

reference
0.89
0.97

(1.21-1.35)
(1.36-1.60)

(1.31-1.45)
(1.59-1.86)

(1.16-1.28)
(1.28-1.50)

(0.83-0.97)
(0.87-1.09)

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.005
0.599

reference
1.26
1.46

reference
1.35
1.70

reference
1.23
1.39

reference
0.92
0.96

(1.19-1.33)
(1.34-1.58)

(1.28-1.42)
(1.57-1.85)

(1.17-1.3)
(1.29-1.51)

(0.85-1.00)
(0.85-1.08)

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.048
0.496

* adjusted for age and gender

Table 3. The total cardiovascular risk according ta=INRISK (%) in the three patient groups: patients

with no personalized care plan (no plan), patienthiaving a personalized care plan only in the health

care record (no copy), and patients having a copyfahe personalized care plan (copy), means,

standardized for age with 95% confidence interval¢Cls) and Tukey’sresults presented.

Total Male Female
risk Standardized 95% Cl P-value Standardized 95% CI P-value
mean mean
(7.69-
No plan 13.04 (12.48-13.6) reference 8.08 8.46) reference
No 12.98 (12.54- 0.984 7.78 (7.47- 0.440
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ACCEPTED MANUSCRIPT

copy 13.42) 8.08)
(11.02- (7.14-
Copy 11.74 12.47) 0.019 7.66 8.17) 0.419

**standardized for age

16



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

Personal data of the patient
The compiler of the careplan
Date of documentation
Diagnosis
All concurrent diagnoses in patient’s languageb(ickets with international classification of dise (ICDt
10) codes)

Need for treatment
Patient describes
Targets of treatment

Concrete and realistic targets discussed and agpmdby the patient and the physician and/or nurse
Takes into account local processes and internatguridelines.

For example:

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

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

Smoking: Answer the motivational questions onceoatt until next visit

Maintenance of long-term blood sugar (A1C): und&nsnol/mol (now 60 mmol/mol)
Maintenance of fasting glucose in home measuremawtsage under 7 mmol/L (now 7.6 mmol/L)

Maintenance of postprandial glucose values: noogah0 mmol/L (now twice a week)
Support, action, follow-up and evaluation:

For example

Additional instructions for home monitoring

Changes in medication

Self-management actions discussed during consuiteitsit

Positive feedback to the patient on achievemegbafs

Contact details

The date of the next control visit and previouslalory test
M edication

List of the names and doses of the patient’s nagidic.




