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"Probleme kann man niemals mit
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I Summary

Type 1 diabetes mellitus is one of the most common chronic endocrine diseases in children
and adolescents worldwide. Both the prevalence and incidence of type 1 and 2 diabetes
mellitus have increased in recent decades. There are a wide variety of therapeutic strategies
including several types of insulin, oral antidiabetic agents and therapy schemes, as well as
training courses for diabetes patients. Nevertheless, many patients find it difficult to achieve
optimal diabetes control and to maintain it in the long term. Poor diabetes control can lead to
serious short-term complications and life-shortening long-term consequences. Consequently,
this study identifies relevant and effective pharmaceutical care for adolescent and adult
patients with type 1 and 2 diabetes mellitus, in order to optimize pharmaceutical care in

community pharmacies.

In the first chapter of this thesis, insulin therapy adjustments or lifestyle changes that were
adopted by adolescents with type 1 diabetes mellitus in the DIADEMA study leading to
improved glycemic control are examined. Analysis of the study data showed for example a
benefit of both more frequent blood sugar measurements (allowing for better calculation of the
insulin dose) and the existence of a nutrition plan. In addition, the relevant pharmaceutical care

elements of the DIADEMA study are worked out in this section on the basis of a patient case.

In order to obtain a precise overview of current published studies and to identify relevant and
effective pharmaceutical care components, the results of a systematic literature search and
subsequent meta-analysis of randomized controlled trials on the pharmaceutical care of
diabetes patients are presented in the second chapter of this thesis. In addition to identifying
particularly effective pharmaceutical care content, the elements of the previous training

conducted with the study pharmacists were examined and evaluated in a descriptive manner.

Thirdly, as part of a qualitative study (case series), the feasibility of the previously identified
four effective pharmaceutical components was successfully tested. It was possible to formulate
a hypothesis on the positive effect of these pharmaceutical components on fasting blood
glucose level, medication appropriateness index, WHO-5 wellbeing index and the number of
drug related problems. In addition, recommendations are given for conducting further

hypothesis-testing studies.

Finally, based on two patient cases, a mobile health application for diabetes patients was tested.
To evaluate how well the current functions of a diabetes mobile health application can support
the provision of pharmaceutical care for diabetes patients, the Diabetes: M application was

selected. The Diabetes: M application provides some features that can assist pharmacists to
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implement the four effective pharmaceutical care components previously identified. However,
in terms of performing a medication analysis or working as part of an interdisciplinary team,

the application needs further improvement.
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lll Zusammenfassung

Diabetes mellitus Typ 1 ist weltweit eine der haufigsten chronischen Erkrankungen im Kindes-
und Jugendalter. In den letzten Jahrzehnten ist die Inzidenz sowie Pravalenz des Diabetes
mellitus Typ 1 und 2 gestiegen. Obwohl es unterschiedliche Insuline, orale Antidiabetika und
Therapieschemata sowie spezielle Schulungen fir Diabetespatienten gibt, fallt es vielen
Patienten, jugendlichen wie erwachsenen, dennoch schwer, eine optimale Diabeteseinstellung
zu erzielen und auch langfristig zu erhalten. Eine schlechte Diabeteseinstellung kann zu
teilweise schwerwiegenden und lebensverkirzenden Kurzzeitkomplikationen und/oder
Langzeitfolgen fiihren. Folglich beschaftigt sich diese Arbeit mit der Identifizierung von
relevanten sowie effektiven pharmazeutischen Betreuungsinhalten fur jugendliche sowie
erwachsene Patienten mit Diabetes melltus Typ 1 und 2 zur Optimierung der
Diabetesbetreuung durch &ffentliche Apotheker.

Im ersten Abschnitt der Arbeit wird die Fragestellung untersucht, welche Anpassungen der
Insulintherapie oder Anderungen des Lebensstils von jugendlichen Patienten mit Diabetes
mellitus Typ 1 in der DIADEMA-Studie ibernommen wurden, um ihre Diabeteseinstellung zu
verbessern. Die Analyse der Studiendaten ergab, dass insbesondere haufigere
Blutzuckermessungen und damit zusammenhangend eine bessere Berechnung der
Insulinmenge sowie das Vorhandensein eines Ernahrungsplans zielfihrend waren. Zusatzlich
werden in diesem Abschnitt anhand eines Patientenfalls die relevanten pharmazeutischen

Betreuungselemente der DIADEMA-Studie herausgearbeitet.

Um einen genauen Uberblick (iber die aktuelle Studienlage zu erhalten und um relevante und
effektive pharmazeutische Betreuungsinhalte valide zu identifizieren, werden im zweiten
Abschnitt der Arbeit die Ergebnisse einer systematischen Literaturrecherche sowie einer
anschlieBenden  Meta-Analyse von randomisierten  kontrollieten  Studien  zur
pharmazeutischen Betreuung von Diabetespatienten vorgestellt. Zusatzlich zur |dentifizierung
der besonders effektiven pharmazeutischen Betreuungsinhalte wurden die Elemente des
zuvor durchgeflhrten Trainings der Studienapotheker untersucht und deskriptiv ausgewertet.

Drittens wurde im Rahmen einer qualitativen Studie (Fallserie) die Umsetzbarkeit der zuvor
identifizierten vier effektiven pharmazeutischen Betreuungsinhalte erfolgreich sowie praxisnah
getestet. Es konnte eine Hypothese zum positiven Effekt dieser pharmazeutischen
Betreuungsinhalte auf insbesondere den Nichternblutzuckerwert, den Medication-
Appropriateness-Index, den WHO-5 well-being Index sowie die Anzahl an
arzneimittelbezogenen Problemen formuliert werden. Zudem werden Empfehlungen gegeben

fur die Durchfihrung von weiterfihrenden, hypothesenpriifenden Studien.
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Viertens wurde anhand von zwei Patientenfallen untersucht, inwieweit die aktuelle Version der
Diabetes:M Application die Apotheker bei der Umsetzung der vier effektiven
pharmazeutischen Betreuungsinhalte unterstlitzt. Die Diabetes:M Application bietet zwar
einige Funktionen, welche den Apotheker bei der Durchfiihrung der pharmazeutischen
Betreuung unterstiitzen kénnen. Jedoch fehlt es der aktuellen Version dieser Application
gerade im Hinblick auf die Durchfihrung einer Medikationsanalyse oder bei der

interprofessionellen Zusammenarbeit an unterstiitzenden Funktionen.
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IV Aims and rationale of this thesis

There is a lack of knowledge regarding the effectiveness of pharmaceutical care for patients
with type 1 and 2 diabetes mellitus provided by community pharmacists. Furthermore, there is
a lack of knowledge as to which of the various pharmaceutical care components are effective
at improving the glycemic control of diabetes patients, measured by glycated hemoglobin
values. Therefore, this dissertation aims to identify relevant pharmaceutical care components
for patients with diabetes mellitus and to enable deeper insights into how effective and
optimized pharmaceutical care can be provided by community pharmacists. In addition, the

knowledge gained from these findings were tested in practice.

Chapter 1: Optimized pharmaceutical care interventions for adolescent type 1 diabetes
patients

The aim of the first chapter of this thesis was to quantitatively analyze the implementation of
pharmaceutical care for adolescent type 1 diabetes mellitus provided by community
pharmacists. Moreover, further information was generated about pharmaceutical care for
patients with diabetes mellitus type 1 in general and special challenges for adolescent patients
with diabetes mellitus type 1. The effects of pharmaceutical care on the following parameters

were analyzed:

. Insulin therapy adjustments
. Acute diabetes complications
. Lifestyle changes

In addition, a representative patient case was chosen and described in detail, to illustrate

pharmaceutical care for adolescent patients with diabetes mellitus type 1.

Chapter 2: Systematic literature review and meta-analysis of effective pharmaceutical
care interventions provided by community pharmacists for patients with type 1 or 2
diabetes

The findings and results from the DIADEMA study led to the question: which pharmaceutical
care components for diabetes mellitus patients are particularly effective? To date there has
been no investigation of which pharmaceutical care components provided by community
pharmacists for patients with diabetes mellitus type 1 and 2 are the most effective. In order to
identify particularly effective pharmaceutical care components a systematic review and
subsequent meta-analysis of the identified components for patients with diabetes mellitus type
1 and 2 provided by community pharmacists was conducted. The primary aim of this chapter
was to identify effective pharmaceutical care components for patients with type 1 and 2
diabetes mellitus. The secondary aim was to identify and descriptively analyze elements of the
training received by the study pharmacists.
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Chapter 3: Proof of concept study to demonstrate the practicability of the four most
effective pharmaceutical care interventions during a patient consult

After identification of particularly effective pharmaceutical care components for patients with
diabetes mellitus in the second chapter, four of the most effective pharmaceutical care
components were implemented in a realistic community pharmacy setting. A case series was
designed and conducted to test the feasibility of these four components in practice. The
secondary aim of this case series was to formulate hypotheses on the effect of this optimized
pharmaceutical care on diabetes patients’ glycemic control and to gain opportunities for
improvement of this concept. One of the identified opportunities for improvement is the use of
electronic health such as a diabetes mobile application for e.g., the documentation of patients’

blood glucose values.

Chapter 4: Mobile health support for diabetes type 1 and 2 patients to support
pharmaceutical care components in practice

The primary aim of this fourth chapter is to qualitatively test the option of using mobile health
support for diabetes mellitus type 1 and 2 patients to support the implementation of
pharmaceutical care components in practice. The mobile application Diabetes:M was used to
evaluate mobile health support for the identified four pharmaceutical care components. It is
intended that the results of this chapter will be used to formulate reasonable hypotheses and
determine relevant parameters for future hypothesis-testing studies. To get a realistic insight

and assessment, data from real patients was used.

10
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General introduction of type 1 and 2 diabetes mellitus

1 General introduction of type 1 and 2 diabetes mellitus

1.1 Definition, classification, and diagnosis of type 1 and 2 diabetes
mellitus

Diabetes mellitus type 1

Type 1 diabetes mellitus (T1DM) is defined as absolute insulin deficiency due to autoimmune
and/or idiopathic progressive beta cell destruction. Patients with diabetes, especially at onset,
typically have symptoms of polyuria, polydipsia, and weight loss, and approximately one-third
of patients have diabetic ketoacidosis (DKA). Often, the onset and diagnosis of T1DM is in
childhood. (ADA 2019a, DiMeglio et al. 2018b, Mayer-Davis et al. 2018) In adulthood the
symptoms of diabetes can greatly vary, and the classic symptoms may not be present. T1DM

can occur at any age, and up to 50% of cases are diagnosed in adulthood. (DiMeglio et al.
2018b)

Islet autoimmunity and beta cell dysfunction begins months to years before the diagnosis of
T1DM; during this time, insulin autoantibodies can be detected as markers of beta cell
autoimmunity. The first stage and the onset of TIDM is defined by normoglycemia, the
presence of autoimmunity (multiple islet antibodies), and pre-symptoms (see Figure 1). Only
the presence of multiple autoantibodies can be used to diagnose diabetes at this stage.

(Couper et al. 2018)

In addition to pre-symptoms and autoimmunity, the next stage is characterized by dysglycemia.
Diagnostic methods at this stage test for impaired fasting blood glucose (IFG) and/or impaired
glucose tolerance (IGT). Measurement of fasting plasma glucose levels, measurement of 2
hour plasma glucose levels after an oral glucose tolerance test (oGTT), and measurement of
glycated hemoglobin (HbA1c) values can be done at this stage. Fasting blood glucose (FBG)
is defined as blood glucose after no caloric intake for at least 8 hours. The thresholds and
recommended ranges for FBG, 2-hour plasma glucose, and HbA1c according to the current
American Diabetes Association (ADA) guideline are listed in Table 1. The final stage is defined
by new-onset hyperglycemia and diabetes symptoms; thus, it can be diagnosed by clinical

symptoms and the abovementioned tests. (ADA 2019a, Couper et al. 2018)

14
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Figure 1 Stages to type 1 diabetes modified according to the International Society for Pediatric
and Adolescent Diabetes (ISPAD) Guidelines 2018 (Couper et al. 2018)

islet autoimmunity

Table 1 Thresholds and recommended ranges for impaired fasting glucose and/or impaired
glucose tolerance (ADA 2019a)

Threshold Recommended range
Fasting glucose levels [mg/dl] >126 100-125
2-hour plasma glucose levels
>200 140-199
[mg/di]
Glycated hemoglobin values [%)] >6.5 5764
Diabetes mellitus type 2

Patients with type 2 diabetes mellitus (T2DM) experience a progressive loss of beta cells, which
leads to reduced insulin secretion. In many cases, the cause is insulin resistance. In contrast
to T1DM, this loss of beta cells is not caused by autoimmunity.

Age brackets were often used in the past to classify or define the different types of diabetes,
but these are no longer used because of the decreasing age of T2DM onset. (ADA 2019a, Kao
et al. 2016) Various genetic and environmental factors can lead to a progressive loss of beta
cells in the pancreas in both type 1 and 2 diabetes (see Table 2). (ADA 2019a)

Patients with T2DM have IFG and/or IGT similar to T1DM patients. Both IFG and IGT can be
detected with an oGTT and the subsequent measurement of FBG or 2-hour plasma glucose

levels. It is also recommended to measure the HbA1c value. The same threshold values are
used for both T1IDM and T2DM. (ADA 2019a)

15



General introduction of type 1 and 2 diabetes mellitus

Table 2 Overview of clinical characteristics of TIDM and T2DM in children and adolescents
(Mayer-Davis et al. 2018, Tuomi et al. 2014)

Characteristic

T1DM
Children and adolescents

T2DM
Children and adolescents

Genetics Polygenic
Age of onset >6-12 months Pubertal (or later)
Clinical presentation Acute, rapid Variable: mild to severe
Symptoms Polyuria, pol.ydipsia, weight loss, Often no diabettes. symptoms at
tiredness beginning
Insulin secretion None or less Subnormal to high
Insulin sensitivity Normal Subnormal
Associations
Autoimmunity Yes No
Diabetes-associated antibodies Yes Rare
Ketosis Common Rare
Obesity Population frequency Increased frequency
Acanthosis nigricans No Yes
- T -
Inmde;i(;iiﬂ;:i:::::: toall Approximately 90 <10
Parent with diabetes [%)] 24 80

The ADA recommends an informal diabetes risk test for patients who have prediabetes.

Patients who are older than 45 and have one or more risk factors should be screened for

diabetes. The current guidelines contain no recommendation for the screening interval.

However, patients with diagnosed prediabetes (HbA1c >5.7% and IGT or IFG) should be tested

yearly, and women who had gestational diabetes mellitus should be tested throughout life

approximately every 3 years. (ADA 2019a)

The risk factors for T2DM, modified according to the current ADA guidelines (ADA 2019a) are:

First-degree relative with diabetes

High-risk ethnicity, e.g., African American, Latino, Native American, Asian American,

Pacific Islander

History of cardiovascular disease (CVD)

Hypertension (>140/90 mmHg or on therapy for hypertension)

High-density lipoproteins (HDL), cholesterol level <35 mg/dl and/or a triglyceride (TG)

level >250 mg/dI

Women with polycystic ovary syndrome

Physical inactivity

Other clinical conditions associated with insulin resistance

16
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1.2 Epidemiology of type 1 and 2 diabetes mellitus

T1DM is one of the most common chronic endocrine diseases in childhood. Both the
prevalence and incidence of T1IDM and T2DM have increased in recent decades. (Demirel et
al. 2013, Saeedi et al. 2019) Both the incidence and age-standardized incidence rate of
diabetes mellitus increased significantly between 1990 and 2017 worldwide. (Liu et al. 2020)
In 2019, 463 million people aged 20 to 79 years worldwide had diabetes, including 59 million
people in Europe alone. It is predicted that there will be a 51% increase in the number of
diabetes patients worldwide to approximately 700 million by 2045. In Europe, the predicted
increase is smaller (15%), and it is predicted that in 2045 there will be 68 million diabetes
patients. The prevalence of diabetes mellitus in adults aged 20 to 79 years was 9.3% in 2019,
rising to 10.9% by 2045. The prevalence is higher in high-income countries and in urban areas
(10.8%) than in rural areas (7.2%). (Saeedi et al. 2019)

An estimated 108,300 children under 15 years will be diagnosed T1DM in 2021. (Ogle et al.
2021) 2019, 1,110,100 children and adolescents worldwide had T1DM, and the prevalence has
increased. (DiMeglio et al. 2018b, Saeedi et al. 2019) A 2009-2010 statistical analysis of the
age-adjusted prevalence and incidence of T2DM in Germany showed that there was a steep

increase in both prevalence and incidence from age 50 to 80. (Tamayo et al. 2016)

Many studies demonstrate the increasing global burden of diabetes (Khan et al. 2020, Lin et
al. 2020, Liu et al. 2020) due to, among other things, demographic changes and their influence
on health care. (Bluher et al. 2016) By 2050, the number of people over 65 in Germany will
increase by 38% and the number over 80 by 156%. The incidence of age-related diseases
such as T2DM will increase sharply by 2050 under the assumption of unchanged disease
probabilities. (Peters et al. 2010) These increasing incidences, prevalences, and
age-standardized incidence rates of diabetes mellitus and predictions regarding the future
increase in the number of diabetes patients point to the growing need for effective
antihyperglycemic drug treatments and other non-drug lifestyle measures for both T1DM and
T2DM. Therefore, it is essential to provide, in addition to current standard care, optimized,
targeted and individual pharmaceutical care (PhC) for patients with diabetes mellitus in

community pharmacies.

17
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1.3 Therapy for diabetes type 1 and 2

To be able to provide effective evidence-based individual PhC for patients with diabetes
mellitus, pharmacists need expertise in current diabetes therapy and must know the guideline
recommendations. This following chapter summarizes the pharmacological basics and most
important aspects of the current guideline recommendations for diabetes therapy, including

findings from recent studies, and explains the long- and short-term goals of diabetes therapy.

1.3.1 Insulin therapy for diabetes type 1 and 2

Insulin therapy for children and adolescents with type 1 diabetes mellitus

The treatment of TIDM is complex, especially in childhood and adolescence, and many
aspects need to be considered. The required daily insulin dose depends on factors such as
age, weight, stage of puberty, current phase of diabetes disease, and diabetes duration. Further
factors that influence the required insulin dose include the state of injection sites, nutritional
intake and distribution of meals, exercise, results of blood glucose monitoring and HbA1c
levels, and intercurrent illness. These additional factors also need to be considered in other

age groups. (Danne et al. 2018)

The insulin dose should be chosen to achieve the best attainable glycemic control and to avoid
hypoglycemia or growth impairments. Prepubescent children need less insulin per kilogram
body weight (0.7-1.0 IU/kg/day) than adolescents during puberty (>1.0 IU/kg/day and even up
to 2.0 IU/kg/day). Patients need less insulin during the partial remission phase of the disease
(<0.5 IU/kg/day). This phase is also called the honeymoon phase; during this phase of diabetes,
insulin secretion in the pancreas increases temporarily until it stops completely. (Danne et al.
2018) Adult diabetes patients need 0.4-1.0 IU/kg/day of insulin. (ADA 2019a) The
recommended calculations for the amount of carbohydrates covered by one insulin dose or
the effect of each insulin dose on the reduction of blood glucose levels are listed in Appendix
X 1. The total daily insulin dose should be adjusted if the target blood glucose level and/or

HbA1c value is not achieved.

Insulin therapy for geriatric patients with type 1 and 2 diabetes mellitus

The insulin and HbA1c target levels depend on the geriatric patient’s current health status and
life expectancy. The individual recommended HbA1c target for geriatric patients is commonly
7.0-8.5%; the main aims are freedom from diabetes symptoms and to avoid hypoglycemia. In

individual cases, if the patient is very old, has a short life-expectancy, or is cognitively impaired
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but free of diabetes symptoms, the tolerable HbA1c value can be up to 9.0%. The initiation of
insulin therapy is only recommended if lifestyle changes and other antidiabetic drugs cannot
achieve the individual therapy goal or if other antidiabetic drugs are contraindicated.

(Bahrmann et al. 2018)

Types of insulin therapy

Due to differences in patient lifestyles, such as eating habits and the amount of exercise, there
are varying requirements for insulin therapy. Thus, there are currently several different types
of insulin therapy available. Currently, intensified conventional insulin therapy (ICT) is the
insulin therapy of choice for T1DM patients (see Table 3 and Appendix X 2). (Danne et al. 2018,
DDG 2018) The Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes
Interventions and Complications (EDIC) study cohort revealed that mortality was higher in the
Conventional insulin therapy (CT) group, and the mortality increased significantly with
increasing mean HbA1c, especially for HbA1c values >9%. (DCCT-/EDIC-Research-Group
2016) Other research (also a DCCT study cohort) indicated that ICT significantly reduced the
long-term risk of clinical CVD and has long-term beneficial effects on the risk of CVD in patients
with TIDM. (Cleary et al. 2006, Nathan et al. 20095)

CT is characterized by inflexible carbohydrate intake and a fixed insulin injection scheme.
Supplementary insulin therapy (SIT) is only appropriate for the treatment of T2DM, and consists
of bolus insulin injections at every main meal and the additional intake of oral antidiabetic drugs
(OADs); e.g. metformin. (Landgraf 2014) Another type of insulin therapy that is only
recommended for the treatment of T2DM is basal-supported oral therapy (BOT). (Landgraf
2014) Patients are treated with one or more antidiabetic drugs and also inject basal insulin in
the late evening or right before they go to bed (see Appendix X 2). If a combination of two or
three antidiabetic drugs is insufficient, then BOT is the next recommended insulin therapy in
most cases. (Landgraf et al. 2019) One type of BOT is the combination of basal insulin with a
glucagon-like peptide receptor agonist (GLP-1 RA) administered subcutaneously (SC) with or
without an OAD. The advantage of this combination is that less insulin is needed, and the
therapy is therefore weight neutral or associated with less weight gain. A disadvantage is the

moderate gastrointestinal tolerance, especially at the beginning of therapy. (BAK 2021)
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General introduction of type 1 and 2 diabetes mellitus

The use of insulin pumps, also known as continuous subcutaneous insulin infusion (CSll), in
conjunction with ICT is the recommended first-line therapy for children, adolescents, and adults
with TIDM. (ADA 2019a, Danne et al. 2018, DDG 2018) In Germany, patients need a
prescription and also specific order forms from their physician to apply for an insulin pump. If
necessary, the Medical Service of Health Insurance (Medizinischer Dienst der
Krankenversicherung; MDK) intervenes and contacts patients directly if further data is required.

(Medtronic 2021)

A continuous glucose monitoring system (CGMS) continuously measures the blood glucose
level at regular intervals. The measured blood glucose values are translated into dynamic data
to show the direction and rate of change of blood glucose. Therefore, the CGMS can warn the
patient if their blood glucose is trending towards hypoglycemia or hyperglycemia. (Danne et
al. 2018, DiMeglio et al. 2018a) CGMS have been show to improve glycemic control measured
by HbA1c (Battelino et al. 2012, Beck et al. 2017, Tumminia et al. 2015), reduce hypoglycemia
(especially severe hypoglycemia); (Battelino et al. 2011, Little et al. 2014) and improve quality
of life (QoL). (Polonsky et al. 2017)

Different insulin types

According to the onset and duration of action, the different insulin types are classified into bolus
insulin, such as ultra-rapid-acting analogs, rapid-acting analogs, and regular insulin and basal
insulin, such as Neutral Protamin Hagedorn (NPH)-insulin and basal long-acting insulin analogs.
To date, there is only one ultra-rapid-acting insulin, insulin faster aspart. Due to the fast
absorption Insulin faster aspart is beneficial for T1DM patients with high postprandial blood
glucose levels, especially patients with insulin pumps (see Table 4). (Heise et al. 2015) The
long-acting analogs such as insulin glargine, glargine U300 and degludec are injected SC once
a day. They can be injected at any time of day but preferably at the same time each day. (ADA
2019b, Danne et al. 2018)

At present, three insulin biosimilars are approved for use in Germany, two insulin glargine
biosimilars and one insulin lispro biosimilar. A biosimilar for insulin aspart is currently under
evaluation for pharmaceutical registration. (Dingermann 2020) There are no significant
differences in clinical efficacy and safety between the insulin biosimilars and the originator
insulins. (Yamada et al. 2018) Additionally, the recommended injection frequency or timing of

injection for biosimilars is not substantially different from that of the originator insulins.
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General introduction of type 1 and 2 diabetes mellitus

1.3.2 Non-insulin therapy options for patients with type 1 diabetes in Germany

According to guidelines, patients with T2DM should first implement dietary and lifestyle
changes before beginning pharmaceutical therapy. (ADA 2019b, BAK 2021, Landgraf et al.
2019) If these changes are unsuccessful and the therapy target is not achieved, there are
different therapy options depending on the patient’s comorbidities and other factors, such as
the need to minimize weight gain or hypoglycemia. Metformin is the first-choice therapy
according to the ADA and Deutsche Diabetes Gesellschaft (DDG) guidelines if there are no
contraindications, e.g., renal insufficiency with an estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73m? (see Figure 2). (ADA 2019b, Landgraf et al. 2019) However, if the current
HbA1c value is above 10% or blood glucose levels are several times above 500 mg/dL, the
current ADA guidelines recommend to immediately begin insulin therapy. (ADA 2019b)
According to the partial publication of the current Nationale VersorgungsLeitlinie (NVL) T2DM
guideline, patients with clinically relevant CVD should receive a combination of metformin and
a sodium-dependent glucose co-transporter 2 (SGLT-2) inhibitor or a GLP-1 RA. (BAK 2021)

[ Dietric treatment and increase of physical activity J
Therapy target not achi d-tr with an antidiabetic drug
[ Renal insufficiency with eGFR <30mi/min J
ne Therapy target not achiwecl - yes
treat t with a ar icdrug l
| Metformin ] [ Cardiovascular or renal disease or high cardiovascular risk J
yes
Compelling need to minimize weight Compelling need to minimize
[ Cost is a major issue [ gain or promote weight loss hypoglycemia
v
<
SGLT-2 inhibitor or e SGLT-2 inhibitor or
Sulfonylurea G GLP-1 agonist or GLP-1 agonist
) LP=1 agonist SGLT-2 inhibitor
I I
Tharapy target not achi I ded
b
N ~N Ty
Insulin therapy or Adding if not already given a Adding if not already given a Adding a
DPP-IV inhibitor or SGLT-2 inhibitor or DPP-IV inhibitor or DPP-IV inhibitor
SGLT-2 inhibitor GLP-1 agomst or DPP-IV inhibitor GLP-1 agonlst or {if not on GLP-1
~ /| (ifnot contraindicated or the patient is SGLT-2 inhibitor agonist) or
on a GLP-1 agonist) - Sulfonlyurea or
otherwise adding a Sulfonylurea or | (Basal) insulin therapy
\ (Basal) insulin therapy Therapy target not achnevod -
|
Adding a Sulfonylurea or
(Basal) insulin therapy

Figure 2 Therapy recommendations for patients with diabetes mellitus type 2 according to ADA
and DDG practice guidelines (ADA 2019b, Landgraf et al. 2019)

Abbreviations: DDP-IV: dipeptidyl peptidase IV, eGFR: estimated glomerular filtration rate, GLP-1: glucagon like peptide 1, SGLT-2: sodium
dependent glucose co-transporter 2

23



General introduction of type 1 and 2 diabetes mellitus

The current recommended therapy for T2DM patients is adapted to the patient’s individual and
current comorbidities and risk factors. Drugs are recommended, which have a beneficial effect
proven by clinical studies on the patient’s comorbidities and diabetes sequelae. Only focusing
on improving glycemic control measured by the HbA1c value without considering the possible
and actual individual risks of T2DM patients is obsolete. Further detailed information of the non-
insulin diabetes therapy for children and adolescents is listed in the Appendix X 3. A meta-
analysis by Palmer et al stated that the analyzed, currently used antidiabetic drugs were
estimated to be effective when added to metformin, and the selection of the additional therapy

or drug(s) should be based on patient-specific considerations. (Palmer et al. 2016)

In the UK Prospective Diabetes Study (UKPDS), metformin as a monotherapy was
advantageous for diet-treated overweight T2DM patients; therefore, metformin is the first
choice for the treatment of T2DM after implementing lifestyle changes. (UKPDS-Group 1998a)
On metformin, there was no increased risk for hypoglycemic episodes (see Table 5), and the
risk for developing lactic acidosis as a side-effect was increased in patients with eGFR less
than 30 mL/min/1.73m? (Lazarus et al. 2018) It is uncertain whether metformin has a
cardioprotective effect or reduces the risk of CVD in T2DM patients. (Griffin et al. 2017)
Nevertheless, metformin is the recommended first-line therapy. Other antidiabetics and/or
insulin therapy is recommended only if there are contraindications or if treatment with
metformin is not successful in achieving individual therapy targets. (ADA 2019b, Landgraf et
al. 2019, Maruthur et al. 2016) Further information about the mode of action of metformin and

other non-insulin diabetes therapy options is listed in Appendix X 4.

A summary by Ceriello lists the advantages (e.g. cost-effectiveness) and disadvantages (e.g.
side effects such as hypoglycemia) of sulfonylureas. (Ceriello 2020) A 2016 meta-analysis by
Rados et al. concluded that the use of sulfonylureas was not associated with an increased risk
of all-cause mortality, CV mortality, myocardial infarction, or stroke. (Rados et al. 2016) Other
meta-analyses came to a different conclusion regarding the risk of major CVD-related events
with sulfonylureas compared to other OADs. (Azoulay et al. 2017, Bain et al. 2017) Results of
the CAROLINA trial revealed that glimepiride carries no greater CV risk than linagliptin.
(Rosenstock et al. 2019a, Santamarina et al. 2019) Glinide therapy is not as common in
Germany because the Gemeinsame Bundesausschuss der Krankenkassen und Arzte (GBA)
(the Federal Joint Committee of Insurance Companies and Physicians) has removed glinides
from the list of OADs that are reimbursed by German health insurance organizations. There is
one exception for repaglinide—when the eGFR is less than 25 mL/min/1.73m? and if other

OADs or an insulin therapy is not applicable or is contraindicated. (GBA 2016)
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Results of the LEADER study revealed that liraglutide, a GLP-1 RA, decreased CV mortality
(Marso et al. 2016b) and major adverse CV events in patients with heart failure (Marso et al.
2020). In addition, liraglutide also protects against the development and progression of diabetic
kidney disease (DKD). (Mann et al. 2017) In the SAVOR trial, treatment with saxagliptin resulted
in improved renal outcomes such as an improved albumin/creatinine ratio in T2DM patients.
(Mosenzon et al. 2017) The TECOS trial evaluated the efficacy and safety of sitagliptin for
patients with T2DM and CVD and found that sitagliptin did not increase the risk of major
adverse CV events or the risk of hospitalization for heart failure. Sitagliptin had no effect on CV
events. (Bethel et al. 2017, Green et al. 2015) In the CARMELINA trial, adults with T2DM and
high CV and renal risk received linagliptin in addition to standard care. Compared to placebo,
linagliptin did not alter the risk of composite CV outcome. (Rosenstock et al. 2019b) A
comparison between a combination of metformin and sulfonylureas and metformin and
dipeptidyl peptidase IV inhibitors (DPP-IV inhibitors) showed that patients treated with DPP-IV
inhibitors had a significantly lower relative risk of non-fatal CV events, as well as lower CVD
mortality and all-cause mortality. (Wang et al. 2017) A meta-analysis by Kristensen et al.
concluded that treatment with GLP-1 RAs has beneficial effects on CV endpoints and renal
outcomes in patients with T2DM. 7 studies were included in this meta-analysis: the ELIXA trial
with lixisenatide (Pfeffer et al. 2015), LEADER trial with liraglutide (Marso et al. 2016b),
SUSTAIN-6 trial with semaglutide (Marso et al. 2016a), EXSCEL trial with exenatide (Holman
et al. 2017), Harmony Outcomes trial with albiglutide (Hernandez et al. 2018), REWIND trial
with dulaglutide (Gerstein et al. 2019), and PIONEER 6 trial with oral semaglutide (Husain et al.
2019). (Kristensen et al. 2019)

Renal SGLT-2 provides 90% of the glucose reabsorption; inhibition of SGLT-2 leads to
increased glucose excretion in the urine (glucosuria). (Bakris et al. 2009, Mutschler 2020)
Therefore, SGLT-2 inhibitors can be used regardless of pancreatic insulin secretion, and the
risk of hypoglycemia is low (Grempler et al. 2012), especially if e.g. empagliflozin is
administered alone or in combination with metformin, or metformin and a sulfonylurea. The use
of combined insulin secretagogues or insulin combined with empagliflozin leads to an
increased risk of hypoglycemia. (Ndefo et al. 2015) Studies have found that SGLT-2 inhibitors,
in particular canagliflozin (CANVAS study) and empagliflozin (EMPA REG OUTCOME study),
have nephroprotective and cardioprotective effects and reduce mortality in T2DM patients who
have high CV risk. (Fitchett et al. 2016, Mahaffey et al. 2018, Neal et al. 2017, Perkovic et al.
2018, Wanner et al. 2016, Zelniker et al. 2019, Zinman et al. 2015) In the declare-timi-58 study,
therapy with dapagliflozin resulted in a lower rate of CV death or hospitalization in patients with

heart failure compared with placebo; however, there was no significant difference in all-cause
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mortality. (Wiviott et al. 2019) Another study with dapagliflozin concluded that in patients with
heart failure and reduced ejection fraction, the risk of worsening heart failure or death from CV
causes was lower in those who received dapagliflozin than in those who received placebo,
whether or not diabetes was present. (McMurray et al. 2019) An analysis of data from the US
Food and Drug Administration (FDA) revealed that SGLT-2 inhibitor-associated DKA can occur
with any duration of use. (Fadini et al. 2017) A retrospective cohort study by Douros et al.
revealed that therapy with SGLT-2 inhibitors was associated with an almost 3-fold increased
risk of DKA in some T2DM patients. (Douros et al. 2020) Absolute insulin deficiency leads to
reduced glucose utilization and enhanced lipolysis. This causes an increased delivery of free
fatty acids (FFAs) to the liver. Elevated glucagon levels promote the oxidation of FFAs and
therefore the production of ketone bodies, leading to the development of DKA (see Chapter

1.4.1 for a further detailed explanation of the development, diagnosis, and treatment of DKA).
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1.3.3 Short- and long-term goals of diabetes therapy

Setting short- and long-term goals is recommended for effective care of patients with diabetes
mellitus. Some short- and long-term goals are recommended for all T1DM and T2DM patients,
as follows: (ADA 2020, Danne et al. 2018, DDG 2018, DiMeglio et al. 2018a, Landgraf et al.
2019)

Short-term goals:
¢ Increase the patient’s diabetes therapy competence and their empowerment to
self-manage their diabetes
e Achieve or maintain optimal glycemic control and avoid acute complications, such as
DKA or severe hypoglycemia
e Low glycemic variability (normalization of glycemia while minimizing hypoglycemia)
e Optimal control of possible comorbidities
e Achieve or maintain the quality of life and therapy compliance or adherence
e Measure the HbA1c value at least quarterly
e Regularly review glucose values and adjust therapy as necessary
¢ Achieve and maintain target values (Table 6)
Long-term goals:
e Reduce the risk for and prevent diabetes complications, such as nephropathy or
neuropathy

¢ Reduce mortality

Table 6 Target values for the diabetes therapy in children, adolescents, and adults with T1DM or
T2DM

ISPAD guidelines for ADA guidelines for adults DDG guidelines for

children and with T1DM or T2DM adults with T2DM
adolescents with T1DM (ADA 2020) (BAK 2013, zuletzt
or T2DM geandert: April 2014)
(DiMeglio et al. 2018a)
HbA1c value [%] <7.0% <7.0* <7.0*
FBG level [mg/dl] 70-130 80-130 100-125
Postprandial blood glucose 90-180 <180 140-199
level [mg/dl]
Blood glucose level before 80-140 na. na.

going to bed [mg/dI]

* individual exceptions possible, e.g. if lower HbA1c values have resulted in an increase of hypoglycemic episodes
Abbreviations: ADA: American Diabetes Association, DDG: Deutsche Diabetes Gesellschaft, FBG: fasting blood glucose, HbA1c:
glycated hemoglobin, ISPAD: international society for Pediatric and Adolescent Diabetes, n.a.: not available

Recent research has revealed the limitations of the HbA1c value. The HbA1c value provides

only the average blood glucose level over the previous past 2-3 months and does not indicate
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the patient’s current glucose variability (recurring hypoglycemia or hyperglycemia).
Nevertheless, the HbA1c value is a validated indicator of glycation and helps to assess the
current risk of complications. (Danne et al. 2017) A new additional predictor for glycemic
control is the time in range (TIR), which assesses the percentage of time within the target (most
used) or hypoglycemic range and therefore also takes the patient’s glucose variability into
account. (Danne et al. 2019) Glucose variability can identify the deterioration of glycemic
control more accurately than the HbA1c test can, thereby reducing the risk for developing
diabetes-related microvascular complications. (Sartore et al. 2012, Smith-Palmer et al. 2014,

Soupal et al. 2014)

Specific goals for children and adolescents with T1DM or T2DM

Targeted guidelines address the requirements and particularities of diabetes therapy for
children and adolescents. One goal is to treat the patient in a multidisciplinary team that
includes a pediatrician diabetologist, diabetes educator, dietitian, and (if required) a
psychologist. There should be an optimized and smooth transition of the patient to a health

care team for adults when required. (Cameron et al. 2018)

Additional goals for adolescent patients with T1DM are:
¢ Manage diabetes symptoms and avoid DKA as a potential life-threating acute diabetes
complication
e Monitor glucose using CGM or self-measurement of blood glucose (SMBG)
measurements up to 6-10 times per day
Additional goals to prevent future complications are:
¢ Reduce carbohydrate and calorie intake (weight loss if necessary)

¢ Increase physical activity and exercise capacity

Specific goals for adult and geriatric patients with T1DM and T2DM

Adult and geriatric diabetes patients often have several comorbidities. Therefore, one of the
short-term goals is to avoid, if possible, polypharmacy and to increase medication adherence.
Another aspect that is more relevant for adult and geriatric patients is the prevention of
medication side effects because these patients generally take a larger amount of medications.
The prevention of acute complications (particularly hypoglycemia) is also important for geriatric
patients because these patients often cannot treat hypoglycemia autonomously. Geriatric
patients are more likely to have cognitive or motor impairments; hence, the diabetes therapy
goals and the therapy itself must be adapted to the capabilities of the patient. (Bahrmann et al.
2018)
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1.4 Acute and long-term diabetes complications

One of the main short-term goals is to achieve or maintain optimal glycemic control and avoid
acute complications, such as DKA or severe hypoglycemia and reduce the risk for long-term
diabetes complications, such as nephropathy or neuropathy. Therefore, this topic is an
essential part of effective and optimized PhC and it is very important for diabetes patients and

pharmacists to acquire and, if necessary, refresh expertise in this area.

1.4.1 Acute diabetes complications

Hypoglycemia

Hypoglycemia is the most common acute diabetes complication in T1DM and T2DM patients
treated with insulin or sulfonylureas. Blood glucose levels under 70 mg/dL (3.9 mmol/L) are
defined in clinical practice as the threshold value for initiating hypoglycemia treatment.
(Abraham et al. 2018) Hypoglycemia is one of the main causes of diabetes-related early
mortality. An analysis of patient data revealed that severe hypoglycemia was associated with a
significant increase in the adjusted risks of major macrovascular events, major microvascular
events, death from a CV cause, and death from any cause. (Patterson et al. 2007, Zoungas et
al. 2010) The ADA and International Society for Pediatric and Adolescent Diabetes (ISPAD)
guidelines classify blood glucose levels <70 and >54 mg/dL as level 1 hypoglycemia or
hypoglycemia, respectively, with the need for initiation of patient self-treatment. Blood glucose
levels <64 mg/dL are classified as level 2 hypoglycemia or clinically important or serious
hypoglycemia, respectively (Abraham et al. 2018, ADA 2020) Severe hypoglycemia is defined
in all three guidelines as a severe event and indicated by an altered mental and/or physical
state requiring external assistance for treatment; there is no blood glucose threshold. (ADA
2020) Hypoglycemic episodes start with the activation of the autonomic nervous system; this

adrenergic reaction causes symptoms such as sweating, tremor, and palpitation (see Table 7).

Many risk factors can promote the occurrence of hypoglycemic episodes: injection of too high
an insulin dose, too little carbohydrate intake, increased insulin-dependent glucose utilization,
e.g. during exercise, increased insulin sensitivity, e.g. after exercise, reduced gluconeogenesis,
e.g. after alcohol intake, or reduced insulin clearance due to renal failure. (Jameson 2018) The

physiological processes that cause hypoglycemia in diabetes patients are illustrated in Figure
3.
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Table 7 Hypoglycemic symptoms according to the DDG 2018 guideline for TIDM
patients (DDG 2018)

Autonomic symptoms Neuroglycopenic symptoms Unspecific symptoms
Sweating Flight of ideas Nausea
Tremor Logorrhea Headache
Increased appetite Amnestic aphasia
Palpitation Irritability
Impaired vision
Headache
Anxiety
Drowsiness

Coordination difficulties

Consciousness impairments Serious and
Loss of consciousness severe
Cramps hypoglycemia
Peripheral
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Figure 3 Physiology of glucose regulation including the mechanism for preventing and
correcting hypoglycemic episodes and the relevant differences in TIDM and T2DM patients with
no residual insulin secretion. Adapted from (Cryer et al. 2003).

Hypoglycemia is diagnosed according to the principle of Whipple’s triad (Whipple 1938):
1) Signs and symptoms
2) Low plasma glucose concentration

3) Resolution of signs and symptoms after increase of plasma glucose concentration
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Depending on the level of hypoglycemia, the currently recommended treatment for non-severe
hypoglycemia is the administration of rapidly absorbed carbohydrates, such as a glucose
solution or solid glucose. (ADA 2020) Adults should treat hypoglycemia with approximately
20 g of fast absorbing carbohydrates. (Brodows et al. 1984, Haak et al. 2018) The
recommended amount of carbohydrates for children and adolescents is 0.3 g/kg bodyweight.
(Abraham et al. 2018) After 15 minutes, the blood glucose level should be measured; if this is
still <60 mg/dL then another 20 g of fast absorbing carbohydrates should be taken. If the blood
glucose levels are very low and the patient is able to self-administer the glucose, the DDG
recommends consuming 30 g of fast absorbing carbohydrates. Patients with severe
hypoglycemia or who lose consciousness should be treated with 1 mg of glucagon
intramuscularly (IM) or SC. Before the injection of glucagon, the unconscious patient should
be brought into the rescue position because of the potential for vomiting. In the hospital,
patients are treated with 50 mL of 40% glucose solution and 1 mg of glucagon. If the patient
does not regain consciousness or the blood glucose levels are still too low, the whole
procedure must be repeated. Glucagon is not effective if the patient has recently consumed
alcohol. (Abraham et al. 2018, Haak et al. 2018)

Diabetic ketoacidosis

Risk factors for developing DKA include a high HbA1c value, longer diabetes duration, and
adolescence. (Karges et al. 2015) The risk for developing DKA is high prior to T1DM diagnosis
or at the beginning of insulin therapy in newly diagnosed T1DM patients, with frequencies
varying widely from 12-80% between countries. (Usher-Smith et al. 2012) Other risk factors
during insulin therapy are the omission of insulin or interrupted therapy. Patients using an
insulin pump can develop DKA if an insulin pump failure occurs and is not recognized by the
patient. (Wolfsdorf et al. 2018) For further information about the biochemical criteria, clinical

signs and treatment of DKA, see Appendix X 5.

Hyperosmolar hyperglycemic state

The rate of hospital admission due to a hyperosmolar hyperglycemic state (HHS) is lower than
for DKA. Less than 1% of all diabetes-related hospital admissions are related to HHS. (Fayfman
et al. 2017) However, T2DM patients and (rarely) T1DM patients can develop HHS as an acute
complication. (Wolfsdorf et al. 2018) HHS has higher mortality than DKA. (Cochran et al. 2006)

Further information about the diagnosis and treatment of HHS are listed in Appendix X 5.
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1.4.2 Long-term diabetes complications

To prevent the occurrence of micro- and macrovascular complications, diabetes patients
should avoid repeated and lasting hyperglycemia. Risk factors for developing diabetes
complications are a long diabetes duration e.g., more than 10 years, older age, and poor
glycemic control during puberty. Further information about relevant screening methods,
therapeutic aims and important additional information of long-term diabetes microvascular and
macrovascular complications are listed in Appendix X 6. In the TODAY study of children and
adolescents with T2DM, the prevalence of diabetes complications, such as hypertension and
microalbuminuria, were assessed. Over the study period, the prevalence of hypertension and
microalbuminuria increased. The risk for developing microalbuminuria was closely related to
glycemic control. (TODAY-Studygroup 2013b) Screening for diabetic nephropathy,
neuropathy, retinopathy, and diabetes-associated macrovascular diseases is recommended
from the age of 11 years and after 2-5 years of diabetes duration for T1DM patients. (Donaghue
et al. 2018) Patients with T2DM should be screened for diabetic neuropathy and retinopathy
directly after diagnosis. (Hammes et al. 2019, Ziegler et al. 2019)

T1DM and T2DM patients with continuing, lasting hyperglycemia are at higher risk for the
development of long-term diabetes complications, e.g., diabetic nephropathy as a result of
microangiopathy. The so called “metabolic memory” phenomenon is based on the findings of
the DCCT and EDIC study; poor metabolic control or continuing, lasting hyperglycemia is
associated with changes in several cell types and a worsening ability of the endogenous
vasoreparative system. The exact mechanism of metabolic memory is not known. (Berezin
2016, Misra et al. 2018) Oxidative stress is one of the key elements in the development and
progression of diabetes-related complications. (Maritim et al. 2003, Résen et al. 2001) There
are several different oxidative stress pathways that influence the development and onset of
diabetes disease and diabetes-related complications. One relevant pathway is the glucose
oxidation (glycolysis) pathway. Due to hyperglycemia, glycolysis creates a precursor for
advanced glycation end products (AGEs) and contributes to cellular oxidative stress. (Ighodaro
2018) Other complications such as arteriosclerosis and periphery circulatory disorders are a

consequence of dyslipidemia (see Figure 4).
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Figure 4 Development of long-term diabetes complications including micro- and
macroangiopathy. Adapted from Deters et al. 2016
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1.5 Current diabetes training and coaching content for diabetes
mellitus type 1 and 2 patients

According to current guidelines, regular patient training should be used to help achieve or
maintain optimal glycemic control and avoid acute complications such as DKA or severe
hypoglycemia and reduce the risk of long-term diabetes complications. Depending on the
patient’s therapy regime, different diabetes training and coaching content is recommended for
the patient (see Table 8). Patients with T1DM and T2DM should receive regular coaching from
trained staff such as diabetologists, diabetes educators, or dietitians. (BAK 2021, DDG 2018,
Deutscher-Arzteverlag 2022, Phelan et al. 2018) The German medical publisher “Deutsche
Arzteverlag” provides coaching content packages that contain important material and practical
exercises for patients; the content of the training is DDG-recommended. (Deutscher-

Arzteverlag 2022)

Table 8 Training content for patients with diabetes mellitus according to current guidelines (BAK
2021, DDG 2018, Deutscher-ﬁrzteverlag 2022, Phelan et al. 2018)

For all patients with diabetes
mellitus

Only for patients with insulin
therapy

Only for adolescent
diabetes patients

Physiology basics
(pathophysiology, epidemiology,
classification, and metabolism)

Behavior in cases of sickness

Transition from adolescence

Nutrition (e.g., explanation of
how different food components
affect the blood glucose levels)

Behavior while traveling or in
other particular life
circumstances

to adulthood and sexual
activity
Exploration of the

understanding of the training
content

Monitoring of relevant
parameters such as HbA1c,
lipids, and albumin

Particular aspects for patients
who attend kindergarten or
school and for those who work

Exploration of the
opportunities for peer and
family support

Acute complications such as
hypoglycemia (development,
prevention, and treatment of
hypoglycemia and DKA)

Practical skills of insulin therapy
(insulin action and profile,
adjustment of insulin, and (if
applicable) diabetes technology)

Sequelae of diabetes
(development, prevention, and
treatment of long-term diabetes
complications)

Problem-solving strategies such
as coping with unexpected
glucose fluctuations

Physical activity (e.g.,
explanation of the effect of
physical activity or exercise on
blood glucose levels)

Smoking, alcohol,
consumption

and drug

Abbreviations: DKA: diabetic ketoacidosis, HbA1c: glycated hemoglobin
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1.6 Pharmaceutical care for diabetes mellitus type 1 and 2 patients

One pertinent question is why we should provide PhC for patients with T1IDM and T2DM.
Non-communicable diseases such as diabetes mellitus (6th most common global cause of
death) have replaced infectious diseases as the leading cause of death and chronic diseases
such as diabetes mellitus cause increasing health costs due to acute and long-term
complications. (WEF 2019) Poor adherence to medication regimens is a common problem and
can contribute to substantial worsening of disease, death, and increased health care costs.
(Osterberg et al. 2005) Based on the current literature and research, better adherence was
found to be associated with improved glycemic control and decreased health care resource
utilization. (Asche et al. 2011) A systematic review by Cramer et al. revealed that diabetes
patients’ adherence to their diabetes therapy ranged from 36-93%, and insulin therapy
adherence among patients with T2DM was 62-64%. (Cramer 2004) Consideration of the
increasing incidences, prevalences, and age-standardized incidence rates of diabetes mellitus
(see Chapter 1.2) in combination with these adherence rates, leads to the conclusion that there

is a growing need for effective and optimized PhC for patients with diabetes mellitus.

Definition of pharmaceutical care

There are different definitions of PhC; one of the most common and well-known definitions by
Hepler et al., (1990) is: “Pharmaceutical care is the responsible provision of drug therapy for
the purpose of achieving definite outcomes which improve a patient’s quality of life”. (Hepler
et al. 1990) The Pharmaceutical Care Network Europe (PCNE) updated the definition and
defined PhC as “pharmacist’s contribution to the care of individuals in order to optimize

medicine use and improve health outcomes”. (Allemann et al. 2014)

Provision of pharmaceutical care in general

Several studies have examined the provision of PhC in Europe and the effects of PhC and/or
medication therapy management (MTM) on different outcomes. (Bulajeva et al. 2014, Costa et
al. 2017) One study evaluated the effect of MTM provided by community pharmacists over a
period of seven years. MTM was found to shift the primary education about patients’ acute
medication to also include chronic medications. In addition, MTM was associated with
increased reimbursement and pharmacist-estimated cost-savings. (Barnett et al. 2009) A study
of the provision of medication reviews in Europe found that in almost two-thirds of European
countries, at least one type of medication review was provided. (Bulajeva et al. 2014) The
provision of PhC has increased in Europe over the last decade; however, many barriers to the
provision of PhC still remain. (Costa et al. 2017, Hughes et al. 2010) One of these barriers is

that the current education of pharmacists in European countries does not focus on the skills
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necessary to realize pharmaceutical services such as MTM in everyday work life. (Rose et al.
2018) Another limitation can be pharmacist-physician communication. To more effectively
provide MTM, efficient and concise communication is needed, and reasons for the offered

recommendations should be given. (Guthrie et al. 2017)

To implement and provide structured PhC, the way in which patient information is documented
is crucial. One important and common method for health care providers to document patient
data is the SOAP note. The idea of the SOAP note was developed by Lawrence L. Weed nearly
50 years ago. (Wright et al. 2014) The definitions of the components of the SOAP note are:

S (subjective):

Subjective patient information includes all experiences, personal views, feelings or patient
lifestyle factors. It can also include the medical history, current medications, allergies, and
symptoms. This section provides context for the assessment and plan.

O (objective):

Objective data includes vital signs, laboratory data, other diagnostic data or results, and the
documentation of medication and medical history from clinicians or other health care providers.
A (assessment):

The assessment involves analyzing the subjective and objective data and evaluating the current
drug therapy and any other therapy interventions. The pharmacist should identify relevant
problems and evaluate them.

P (plan):

The plan of action is based on the information and assessment. This plan of action documents
the suggested improvements in drug therapy and potential monitoring of the drug therapy. And
can include therapy changes, patient education and counselling, and referrals to other health

care providers.

A SOAP note provides all necessary subjective and objective information and provides an
accurate assessment. The assessment and plan should be patient-specific and therefore
include individual patient goals. (Podder et al. 2020) One way to methodically formulate
(individual) goals is to use the SMART criteria:

S - specific

M — measurable

A — attainable

R - realistic

T - time-based
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According to the SMART criteria, each formulated goal should include these five aspects to be
effective and to support patient self-reliance in the realization of the goal. One study assessed
the effect of implementing SMART criteria on the ability of medical students to set treatment
goals with the patient. The students who used the SMART principle to formulate and set
individual goals with the patient were able to better set treatment goals with the patient, and

this was associated with improved treatment monitoring. (Tichelaar et al. 2016)

Provision of pharmaceutical care for patients with type 1 and 2 diabetes mellitus

Several studies and reviews have evaluated the effectiveness of PhC for diabetes patients. One
study evaluated the feasibility of diabetes and CVD risk screening in community pharmacies.
This screening was feasible to conduct during one pharmacy visit and lasted 27 minutes on
average. (Alzubaidi et al. 2019) Randomized controlled trials (RCTs) have investigated whether
PhC can improve the treatment adherence of diabetes patients (Erku et al. 2017, Kjeldsen et
al. 2015, Mehuys et al. 2011, Obreli-Neto et al. 2011), but two systematic reviews came to the
conclusion that further research is needed, particularly to clarify modifiable factors. (Antoine et
al. 2014, Krass et al. 2015) A systematic review by Osterberg et al. stated that new technologies
such as mobile health (mHealth) may be needed to help diabetes patients who have the most
difficulty meeting therapy goals. (Osterberg et al. 2005) However, few studies have analyzed
the impact of PhC on the QoL of T2DM patients. Differences in methods, such as the outcome
measurement, make it difficult to compare these studies. (Krass et al. 2013)

Most of the relevant studies and reviews analyzed the impact of PhC on diabetes patients’
glycemic control by measuring HbA1c values or FBG levels. In several studies (one pre—post
cohort, one clinical trial, and five RCTs), additional PhC in a community pharmacy setting
reduced HbA1c values and helped to improve glycemic control. (Clifford et al. 2005, Cranor et
al. 2003, Krass et al. 2007, Mehuys et al. 2011, Mourao et al. 2013, Obarcanin et al. 2015,
Wermelille et al. 2004) Other studies found no significant effect on the glycemic control of
diabetes patients. (Castejon et al. 2013, Doucette et al. 2009, Sarkadi et al. 2004) To our
knowledge, no study has evaluated the PhC components provided to T1DM and/or T2DM
patients in a community pharmacy setting or systematically investigated which PhC content is

particularly effective.
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2 Chapter One - Optimized pharmaceutical care
interventions for adolescent type 1 diabetes patients

Parts of this chapter have already been published. The author of this thesis, Maira Anna
Deters, was first author and second author once each and made the following contributions to
these publications:

First publication: Deters MA, Laer S, Hasanbegovi¢ S, Nemitz V, Miiller P, Kriiger M,
Schwender H, Obarcanin E. Diabetes Stewardship — Pharmaceutical care of adolescents with
type 1 diabetes mellitus provided by community pharmacists. Med Monatsschr Pharm. 2016
Nov;39(11):477-82.

(1) conceptualization with Dr. Emina Obarcanin and Prof. Dr. Stephanie Laer, (2) data
extraction and evaluation of the DIADEMA case report forms (CRFs), (3) performing all
statistical analyses with Prof. Dr. Holger Schwender (four eye principle) and (4) original draft
preparation.

Second publication: Obarcanin E, Deters MA, Nemitz V, Lder S. Pharmaceutical care of an
adolescent with type 1 diabetes. Med Monatsschr Pharm. 2016 Nov;39(11):483-7.

(1) conceptualization with Dr. Emina Obarcanin and Prof. Dr. Stephanie Laer, (2) data
extraction, (3) original draft preparation with Dr. Emina Obarcanin and (4) review and editing

with Verna Nemitz and Prof. Dr. Stephanie Laer.

2.1 Background

Why provide pharmaceutical care for adolescent patients with type 1 diabetes mellitus?
Particularities and challenges of type 1 diabetes mellitus in adolescence

During adolescence many different factors influence glycemic control, such as hormonal
changes, family dynamics and other social factors, and non-adherence to insulin therapy
regimens. Another important factor that influences glycemic control and self-management is
the type and structure of the transition of care from the pediatrician to the adult diabetologist.
(Foster et al. 2016) Research on this topic has shown that adolescents who demonstrate higher
levels of executive function, better diabetes self-management, reduced diabetes-related family
conflict, and/or more frequent SMBG and better treatment adherence had a lower risk of
developing diabetes-related complications in the future. (Rohan et al. 2014) The decline in
parental monitoring with the increasing age of the child or adolescent is another reason for
deterioration of adherence and often leads to worse glycemic control. (Helgeson et al. 2009)
To avoid worsening of diabetes self-management and a deterioration of glycemic control, the
transition of adolescents to adult health care teams should be smooth and accompanied by

continuous mentoring and self-empowerment guidance by health care professionals. (Ullrich
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2014) Community pharmacists, who regularly dispense insulin and other diabetes devices, are
well positioned to monitor adolescent diabetes patient self-management during the transition

of care.

To my knowledge, the DIADEMA (Diabetes in ADolescents Engagement and Monitoring in
phArmacies) study was the first to implement PhC interventions during this transition of care

process for adolescents with T1DM. (Obarcanin et al. 2015)

Study design and implementation of the DIADEMA study

The 2014 DIADEMA study was an RCT that assessed the effect of PhC in adolescent T1DM
patients. In total, 69 adolescent diabetes patients were randomized by the coin-toss method;
40 in the intervention group and 29 in the control group. Over a period of 6 months, the patients
in the intervention group had monthly consultations with a community pharmacist (in Germany)
or a clinical pharmacist (in Bosnia-Herzegovina). All 69 patients had T1DM, were between 12
and 18 years old at the start of the study, had HbA1c values above 7.5%, and had a diabetes
duration of at least of 6 months. The primary study endpoint was the difference in HbA1c values
after 3 and 6 months. Secondary endpoints were the number of severe hypoglycemic episodes
each month and the well-being of the patients, measured by the World Health Organization
(WHO)-5 well-being index (see Appendix X7). (Obarcanin et al. 2015)

The clinical pharmacist in Bosnia-Herzegovina for all cases was Dr. Emina Obarcanin; in
Germany the enrolled patients individually chose their pharmacist. These pharmacists were
coached before the study on the following topics:
¢ Implementation of PhC for adolescents with T1DM according to the current ISPAD
guidelines
e DIADEMA study protocol, including the objective and setting of the study
e Documentation of the intervention and the usage of DIADEMA CRFs (see Appendix X
8)
¢ Insulin and relevant insulin dosage adjustments
e Preparation of an insulin plan
e Good clinical practice (GCP), implementation of an RCT, and the required

documentation
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The included patients visited the pharmacy monthly. Each visit had an average face-to-face
time of 60-90 minutes. Where required, the pharmacist made additional phone calls. Every
second month the physicians and pharmacists met for an interdisciplinary exchange. The
written PhC plans of the pharmacists were submitted to the physicians at visits three and six
and were discussed at team meetings. Quarterly, the physicians performed regular medical

check-ups that included HbA1c measurement.

The mean HbA1c values of the intervention and control groups were both 9.4% at baseline. In
the intervention group, the HbA1c values were significantly reduced to 8.3% (reduction of 1.09
percentage points) after 3 months and to 8.9% (reduction of 0.54%) after 6 months of
intervention. After 3 and 6 months, the mean and median HbA1c values of the intervention
group were classified as suboptimal according to the 2014 ISPAD guidelines. The baseline
HbA1c value was classified as high-risk, which required immediate action (see Figure 5).
(Rewers et al. 2014) After 3 months, the average HbA1c value in the control group increased
to 9.7% (increase of 0.23%) and to 9.9% after 6 months. This improved glycemic control in the
intervention group did not result in an increase of severe hypoglycemic episodes. (Obarcanin

et al. 2015)
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Figure 5 Boxplot with classification of HbA1c values of all DIADEMA study patients according to
the 2014 ISPAD guidelines (Rewers et al. 2014)
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The achievements and improvements that were identified in the DIADEMA study due to
optimized PhC delivered in addition to usual care led us to further explore the question of which
insulin therapy adjustments or lifestyle changes were adopted by the patients to improve their
glycemic control. Further statistical analysis of DIADEMA patient data, as documented in the
CRFs, could potentially reveal changes in insulin therapy and/or patient lifestyle and the
occurrence of acute diabetes complications, such as DKA or severe hypoglycemia, over the

study period.
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2.2 Methods

2.2.1 Objectives of DIADEMA subanalysis

The statistical analysis of DIADEMA patient data (DIADEMA subanalysis) had two main

objectives:

1. Review and analyze the whole DIADEMA CRF data of the intervention group to qualitatively
identify relevant PhC components. In addition, describe one patient case in detail as an
example of the implementation of the optimized PhC for adolescent T1IDM patients in the
DIADEMA study and to gain a better understanding of PhC in practice. This patient case is
representative of the patients in the DIADEMA study, and it reflects the various topics and

content of the implemented PhC interventions, especially for adolescent T1DM patients.

2. Quantitively assess the effect of the optimized PhC on the following, in adolescent T1DM
patients:
(1) Glycemic control, measured by FBG levels
(2) Monitoring measurements recorded by the daily frequency of SMBG
(3) Insulin therapy adherence and insulin therapy adjustments measured by daily insulin
injection frequency and insulin dose
(4) Occurrence of acute diabetes complications measured by the number of patients with
light and severe hypoglycemia
(5) Patient lifestyle as recorded by compliance with the nutrition plan and recommend

physical activity

2.2.2 Statistical analysis

Data extraction

To assess the effect of PhC on adolescent T1DM patients, relevant data from the monthly CRFs
of the 39 patients were extracted. For each patient, there were a total of six CRFs (one from
each visit) which were analyzed in detail. Missing values were marked as not available (n.a.),
and if minimum and maximum values were given, the average value was calculated and used
for statistical analysis. Datasets were transferred from the CRFs (paper-based) into Excel
spreadsheets and were doubled-checked by a coworker for typing mistakes. All statistical
analyses were conducted by me, using R-Studio version 0.99.484 and were verified by Prof.

Holger Schwender.
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Wilcoxon signed-rank test
The Wilcoxon signed-rank test was used to assess differences between study visits for
non-normally distributed values. The test was paired because the values for each patient were
compared to their data from their first (i.e., baseline) visit. For all measurements, one
hypothesis was tested, for example, whether the FBG levels decreased compared to the
previous visit; these tests were one-sided. This test is applicable even when the sample size is
small. A significance level of a=0.05 was chosen a priori. The Wilcoxon signed-rank test was
used for the statistical analysis of the following parameters:

(1) FBG level (alternative hypothesis: greater)

(2) Frequency of SMBG (alternative hypothesis: less)
(3) Daily insulin dose (alternative hypothesis: less)
(4)

4) Frequency of daily insulin injection (alternative hypothesis: less)

Fisher’s exact test
Fisher’s exact test is a test for independence in contingency tables. This test is an alternative
to the chi-squared test when the sample size is quite small such as n=5. The applied
contingency tables were 2x2. The test was one-sided and a significance level of a=0.05 was
chosen a priori. Fisher’s exact test was used to analyze the following parameters:

(1) Medication adherence (alternative hypothesis: greater)

2) Hypoglycemia (alternative hypothesis: less)

(2)
(3) Compliance with the nutrition plan (alternative hypothesis: greater)
(4) Physical activity (alternative hypothesis: greater)
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2.3 Results

Design and implementation of optimized pharmaceutical care for adolescent type 1
diabetes patients

In the DIADEMA study, at each patient visit, the community pharmacists discussed aspects of
the insulin therapy or other topics, e.g., lifestyle changes according to the current ISPAD
guidelines (2014). At every patient visit the pharmacist assessed the patient’s current diabetes
therapy, adherence or lifestyle problems, and developed the PhC plan. The PhC plan included
an assessment of current problems on the basis of the laboratory and self-measured values,
the corresponding problem-solving interventions, and individually set goals for the next visit.

The fulfilment of these individual goals was checked by the pharmacist at the next patient visit.

Pharmacists also coached the patients on a variety of topics. Each topic was to be addressed
at least twice during the 6-month study period. In accordance with the actual patient situation,

the pharmacists individually decided at which visit and how often each topic was discussed.

The topics discussed with the patients were:

(1) Currently recommended therapeutic goals as per the guidelines

(2) Principles of insulin therapy and practical skills

(3) Skills to individually adjust the insulin therapy

(4) Documentation and interpretation of self-measurements

(5) Prevention, identification, and treatment of diabetes acute complications

(6) Theoretical and practical skills concerning the effect of physical activity on blood glucose
regulation

(7) Insulin therapy-related problem-solving strategies

(8) Relevant aspects of sexuality, especially the prevention of sexually transmitted disease

(9) Tobacco and alcohol use

(10) Relevant information about monitoring or control check-ups

The pharmacist intervention also included a review and assessment of SMBG values and any
other relevant patient parameters, such as the current frequency of insulin injections, the
occurrence and frequency of hypoglycemia, adherence to insulin therapy, or the patient’s QoL.
Some values, such as the HbA1c value, were only measured at the study beginning and at
visits three and six. Other values, such as pre-prandial blood glucose levels and the number of

daily insulin injections, were recorded at each PhC visit (see DIADEMA CRF Appendix X 8).
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In order to better understand the various steps and content of PhC for adolescent patients with

T1DM, the exact process will now be illustrated with a description of a patient case.

Detailed description of a patient case from the DIADEMA study

The adolescent T1DM patient chosen for the case presentation was 17 years old, had diabetes
for 3 years, and also had asthma. In addition to ICT with NPH-insulin and insulin aspart, if
required he used salbutamol once or twice daily to treat asthma attacks. At the beginning of
the DIADEMA study, his HbA1c value was 9.3% (see Table 9). According to the ISPAD
guidelines, this patient was at high risk for complications, and action was required. (Rewers et

al. 2014)

Table 9 Laboratory data and relevant measurements of the patient

R ded
Baseline  2™visit 39visit 4" visit 5% visit 6% visit oo o"
value
Glycemic control and SMBG
HbAc value [%] 93 7.9 76 <75
FBG level [mg/dI] 269 270 182 136 106 324 90-145'

Blood glucose level
at intervention [mg/dl]
Number of daily SMBGs 4 4 4 4 3 4 4-61

Insulin therapy adjustment

218 220 88 115 89 74

Number of daily insulin

L 4.5 4.5 4.5 4.5 45 4.5

injections

Daily insulin dose [IU] 65 80 70 80 80 75
Acute complications

Nu.mber of hypoglycemic 0 8 7 25 12 15

episodes

1 acoording to Rewers et al. 2014

By reviewing the SMBG values and other relevant patient data, the pharmacist identified the
following drug-related problems (DRPs):

(1) Hyperglycemia in the morning

(2) Frequent hypoglycemia

(3) Potential interaction between insulin and salbutamol

Potential causes for frequent hyperglycemia in the morning:
(1) Underestimated insulin dose

(2) Dawn phenomenon

(3) Late meal the day before

(4) Nocturnal hypoglycemia (glucose counter-regulation)

(9) Infection not yet recognized and diagnosed
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To identify the cause of the frequent morning hyperglycemia, it was recommended to measure
the nocturnal blood glucose for a few nights (four nights) at approximately 3 AM. If the nocturnal
blood glucose levels were low, then several possible causes could be considered: counter-
regulation of hypoglycemia, over-adjusted basal insulin, physical exercise in the afternoon or
evening, or the NPH insulin peak of action. High nocturnal blood glucose levels could indicate
that the patient had a late evening meal, the needed short-acting insulin dose was too low, or
the NPH dose was not adjusted correctly. The dawn phenomenon or infections (such as a cold)

could also be a potential cause of hyperglycemic episodes in the morning.

Additionally, there was an increase of hypoglycemic episodes during the study period. At the
beginning of the study, the patient had no hypoglycemic episodes, but at the last patient visit
15 hypoglycemic episodes had occurred within 1 month. Common reasons for hypoglycemia
are:

(1) The insulin dose is too high

(2) Skipping meals

(3) Overestimated carbohydrate intake

(4) Incorrect insulin therapy adjustment before, during, and after physical activity

The pharmacist should review the patient’s carbohydrate intake over the whole day and the
exact composition of the meals. To evaluate whether the patient is able to correctly estimate
the carbohydrate intake and, hence, the required bolus insulin, the pharmacist and patient
should examine whether the timing of insulin injection is reasonable and whether the insulin
peaks of the bolus insulin aspart match the glycemia peaks of each meal. If the patient (as in
this case) participates in regular exercise, the importance of pre- and post-exercise snacks (15
to 30 g carbohydrates) should be addressed. In addition, the insulin peak of action should be
considered; at the insulin peak of action, more carbohydrates are needed, particularly during
exercise. Furthermore, the possibility of developing delayed hypoglycemia after exercise (e.g.,
during the night) should be considered. Patients should regularly measure their blood glucose
levels before, during, and after exercise (1 or 2 hours after exercise, and if required, even at
3:00 AM) to identify low blood glucose levels and then eat carbohydrate snacks and/or reduce

the amount of bolus or basal insulin. (Abraham et al. 2018)

Diabetes patients with frequent hypoglycemia often suffer from hypoglycemia unawareness.
The increased neurogenic symptoms during hypoglycemia are often attenuated in T1DM
patients. The sympathetic neuronal and adrenomedullary response is reduced in patients with

hypoglycemia unawareness, and therefore the required glucose counter-regulation is missing.
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(Cryer et al. 2003, Obarcanin 2013) However, there are several ways to manage hypoglycemia
unawareness. Pharmacists can adjust the patient’s glucose target upwards to avoid (frequent)
reoccurrence of hypoglycemic episodes and empower the patient to increase the frequency
of SMBG. For adolescent T1DM patients, ICT or CSll is the currently recommended first-line
insulin therapy; other therapeutic strategies should be changed, if possible, to these two,
especially when the patient suffers from frequent hypoglycemia. In addition, current guidelines
recommend that patients with reoccurring hypoglycemic episodes or hypoglycemia
unawareness use a CGMS. (Danne et al. 2018, DiMeglio et al. 2018a, Haak et al. 2018) The
CGM-measured blood glucose values are translated to show the glucose direction and can
warn the patient if the values are trending towards hypoglycemia or hyperglycemia. (Danne et
al. 2018) Another option to treat hypoglycemia unawareness is blood glucose awareness
training (BGAT), which has positive effects on the accuracy of patients’ blood glucose
estimations and hence reduces hypoglycemic unawareness. (Broers et al. 2005) Some
co-morbidities (e.g., renal failure) can be a reason for recurrent hypoglycemia. Screening for
these co-morbidities and for diabetes-related complications such as DKD is also recommended
by the current ISPAD guidelines. (Abraham et al. 2018)

In this patient case, the insulin dose was increased over the study period. However, the
pharmacist found that the reason for the increased hypoglycemic episodes was that some
insulin doses were too high in combination with low carbohydrate intake (see Table 10).
Additionally, the pharmacist explained to the patient that alcohol consumption suppresses

gluconeogenesis and therefore increases the risk of hypoglycemia.

The pharmacist also documented a potential interaction between insulin and salbutamol.
Salbutamol in higher doses can reduce the effectiveness of oral antidiabetics and insulin.
However, the patient used salbutamol once or twice daily, as necessary; therefore, this
potential interaction was not clinically relevant. Further steps such as providing information to

the prescriber or informing the patient about this potential DRP were not taken in this case.
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Table 10 Overview of discussed topics, assessment, and goal setting of the pharmaceutical care

intervention modified according to Obarcanin et al. (Obarcanin et al. 2016)

Discussed topics 1stvisit 2Mdvisit 3visit 4hvisit Stvisit 6% visit
Discussion of cur_rent guideline- X X X X X X
recommended therapeutic goals

:;:Fglples of insulin therapy and practical X X X X X
Skills to individually adjust the insulin

X X

therapy

Documentation and interpretation of self-

X X X

measurements

Prevention, identification, and treatment of

. o X X X X
diabetes acute complications

Theoretical and practical skills concerning

the effect of physical activity on blood X X

glucose regulation

Insulln_ therapy-related problem-solving X X X X
strategies

Discussion of relevant aspects of sexuality,

especially the prevention of sexually X X X
transmitted diseases

Tobacco and alcohol use X

Relevant information about monitoring or X X X

control check-ups

Assessment and individually set goals

Pharmacist’s assessment:
* Insulin therapy self-management present
e  Secure handling of insulin pens and blood glucose measurement system
15t visit e Stress
* No nutrition plan available
Individual goals:
¢ Meeting the deadlines and adhering to the expectations of pharmaceutical care
Pharmacist’s assessment:
e Hairline crack in the insulin cartridge = high blood glucose levels
* Improved assessment of blood glucose fluctuations

nd i
2 visit Individual goals:
e  Clarify the current situation in the family
» Discuss relevant topics of sexuality and contraception
Pharmacist’s assessment:
« Insufficient adjustment of insulin injection and SMBG frequency, especially before,
314 visi during, and after physical activity
visit ..
Individual goals:
* Reduce/prevent blood glucose fluctuations and hypoglycemia
¢ Develop a problem-solving strategy to prevent and treat hypoglycemic episodes correctly
Pharmacist’s assessment:
* Insufficient adjustment of insulin injection to current blood glucose levels
4™ visit * Insufficient SMBG frequency
Individual goals:
¢ More frequent SMBG and adjust the insulin dose to the current blood glucose level
Pharmacist’s assessment:
* Insufficient SMBG frequency
5 visi * Increased number of hypoglycemic episodes at noon and after physical activity
visit .
Individual goals:
* More consistent SMBG
¢ Reduce the insulin dose in the morning and at lunchtime
Pharmacist’s assessment:
6% visi * Insufficient SMBG frequency
visit L
Individual goals:
* Continue the pharmaceutical care intervention
Abbreviations:

SMBG: self-measurement of blood glucose
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As described earlier, the adolescents in the intervention group had significantly lower HbA1c
values at the end of the DIADEMA study. This raises the question of whether this optimized
PhC for adolescents with T1DM also has a positive effect on the following diabetes parameters:
(1) Glycemic control measured by FBG levels.
(2) Monitoring measurements recorded by the daily frequency of SMBG.
(3) Insulin therapy adherence and insulin therapy adjustments measured by daily insulin
injection frequency and insulin dose.
(4) Occurrence of acute diabetes complications measured by the number of patients with
mild and severe hypoglycemia.
(5) Patient lifestyle as recorded by compliance with the nutrition plan and recommended

physical activity.

Effect of optimized PhC for adolescent patients with type 1 diabetes mellitus on the
frequency of SMBG and the FBG levels

Pharmacists encouraged the adolescent T1DM patients to measure their blood glucose levels
more often, and the frequency of SMBG increased over the study period. It is recommended
to measure 6-10 times a day to adjust the insulin therapy to the current blood glucose levels.
(DiMeglio et al. 2018a) At baseline, the patients measured their blood glucose levels 4.1 £ 1.3
times per day, which increased to 4.8 + 1.5 times per day by the end of the study (see Table
11). This increase in SMBG frequency over the study duration was statistically significant (see

Figure 6).

At baseline, only one adolescent had an FBG level that was within the recommended target
range; the 2018 ISPAD guideline recommends a target FBG level of 70-130 mg/dL. (DiMeglio
et al. 2018a) During the DIADEMA study period, the patients’ FBG levels decreased from
218 £ 67 mg/dL at the beginning to 199 + 69 mg/dL at the end of the study. The median FBG
level also decreased, from 204 mg/dL to 178 mg/dL at the last patient visit. Most patients were
within the recommended FBG target range at the fourth patient visit, which occurred four

months into the study (see Figure 7).
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Figure 6 Boxplots frequencies of self-measurement of blood glucose per day in the intervention
group
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Figure 7 Boxplots showing changes in the fasting blood glucose levels in the intervention group
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Effect of optimized pharmaceutical care for adolescent type 1 diabetes patients on

insulin therapy adjustments, adherence and the occurrence of hypoglycemia

Over the study period, the number of patients who adhered to their insulin therapy increased
significantly after the second visit. However, the difference between the first and last patient
visit was not significantly different. At the third patient visit, 79% of the patients were adherent
and complied with their individual insulin therapy recommendations. This also led to higher
rates of daily insulin injection (see Figure 8). Higher rates of insulin injection and more frequent
SMBG resulted in better adjustments of each insulin dose and lower FBG levels. The daily

insulin dose increased significantly; however, the effect was temporary (see Figure 9).
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Figure 8 Boxplots frequencies of daily insulin injections in the intervention group
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Figure 9 Boxplots of the daily insulin doses in the intervention group

The adjusted insulin therapy, particularly the higher insulin injection rates and the lower FBG
levels, did not result in higher hypoglycemia rates. The number of patients with mild or severe
hypoglycemia did not significantly increase over the study period (see Table 11). This is
important, because reduced blood glucose levels that result in higher rates of hypoglycemia

or increased fluctuations in blood glucose levels are not expedient.

Lifestyle adjustments — Nutrition plan and physical activity

Only 22% of patients complied with their individual nutrition plan at the beginning of the study.
After the first patient visit, the PhC intervention significantly increased patient compliance with
the nutrition plan to 56% (p < 0.05) at the second visit and to 68% (p < 0.001) at the third visit
(see Table 11). If the adolescent patient did not have an individual nutrition plan then the
pharmacist reminded them to make one. The current ISPAD guidelines recommend
implementing an individual meal plan to improve prandial insulin adjustment and, therefore,
glycemic control. A correctly calculated insulin dose that is in line with the actual blood glucose
level and the carbohydrate intake prevents fluctuations in blood glucose. During the pharmacist
intervention, the nutrition plan was discussed along with the importance of maintaining a
healthy diet to avoid hyperglycemic episodes. If an individual nutrition plan was not available,
the current guideline recommendations for intake of carbohydrates (45-55%), protein (15—

20%), fiber (5 g per day), and fat (30-35%) were reviewed with the patient. (Smart et al. 2018)
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Physical activity and the amount of exercise was not affected by the intervention. Overall, 74%
of the patients performed exercise or were physically active at baseline. The difference
between the first and third patient visit was statistically significant; at the third patient visit 92%
of the patients were physically active. For diabetes patients, physical activity and exercise are
relevant in two ways. On the one hand, exercise has a positive effect on the blood glucose level
and increases non-insulin-mediated glucose transport. On the other hand, insulin therapy must
be adapted to the duration and intensity of physical activity to avoid hyper- or hypoglycemia

during or after exercise. (Adolfsson et al. 2018)

If not adapted to the duration and intensity of physical exercise, injected insulin can lead to a
relative insulin excess, which inhibits glycolysis and gluconeogenesis in T1DM patients. During
exercise, the blood glucose levels decrease due to increased blood flow to the muscles and
elevated non-insulin-mediated glucose transport, thereby increasing glucose clearance (see
Figure 10). (Esefeld et al. 2019) If the blood glucose levels before exercise are too low, T1DM
patients need to decrease the bolus insulin dose (or if using an insulin pump, the temporary
basal rate) to avoid hypoglycemia during or after exercise. The ISPAD guidelines recommend
that if the blood glucose levels are below the target range before exercise, then the patient
should decrease the bolus insulin dose by approximately 25-75% or consume 1.0 to 1.5 g of
carbohydrates per kilogram of bodyweight per training hour. For example, patients should eat
one banana or drink a sugar-containing drink such as juice. Occasionally, before or after
endurance training, the patient will even need to reduce the basal insulin dose. Current
guidelines also recommend measuring the blood glucose level before, during, and 1 to 2 hours
after exercise; furthermore, to prevent late nocturnal hypoglycemia, they should measure the
blood glucose level between 2:00-3:00 AM. (Adolfsson et al. 2018) It is also important to avoid
the occurrence of DKA to ensure the required basal insulin supply during exercise. Without
insulin, glucose uptake in the peripheral muscles is restricted, and, depending on the blood
glucose level, hyperglycemia may result. Therefore, to prevent the occurrence of DKA, T1DM
patients with blood glucose levels above 250 mg/dL should not start physical exercise.
(Adolfsson et al. 2018, Esefeld et al. 2019) The pharmacists discussed the behavior before,
during, and after physical activity and emphasized the importance of always having a blood
glucose measuring device in their sports bag along with accessory devices, such as ketone

urinary measuring stripes, a bolus insulin pen, glucose tables, fluids, and a glucagon hypo kit.
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2.4 Discussion

The glycemic control of the intervention group patients improved during the DIADEMA study.
German community pharmacists and one clinical pharmacist in Bosnia-Herzegovina gave
support and evidence-based recommendations to the adolescents with T1DM. More frequent
SMBG and higher rates of adjusted insulin injections resulted in improved adjustments of the
insulin dose. Increased adherence to individual insulin therapy targets and to the personal
nutrition plans resulted in lower FBG levels without an increase in mild or severe hypoglycemic

episodes.

Reductions in FBG levels, as seen in the intervention group, decrease the probability of the
development of atherosclerotic CVD. (Park et al. 2013) According to Lee et al., even patients
without diabetes who had temporarily impaired (100-125.9 mg/dL) or diabetic (=126 mg/dL)
FBG levels had an increased hazard ratio for the risk of myocardial infarction or stroke. In this
retrospective cohort analysis, even the risk for all-cause mortality increased if the FBG levels
were above the recommended range, after adjustment for age, lifestyle factors (such as
smoking and alcohol consumption), body mass index (BMI), and blood pressure (BP). (Lee et
al. 2018) A prospective cohort study by Yi et al. found that the association between
hyperglycemia (indicated by an increased FBG level) and mortality was stronger at younger
ages. (Yi et al. 2017)

Fluctuations in blood glucose are related to oxidative stress and therefore endothelial
dysfunction and increased inflammatory factors. Some studies have revealed an association
between the development of macrovascular disease and large blood glucose variability. (Skrha
et al. 2016) In the DIADEMA study, pharmacists advised the adolescents to avoid and prevent
extreme variations in blood glucose and thus hyper- and hypoglycemia. Over the study period
the improved glycemic control did not result in an increase in mild or severe hypoglycemic
episodes. Undetected and untreated, hypoglycemia can be life-threating. (Abraham et al. 2018)
Recent research has identified a potential correlation between the repeated occurrence of

hypoglycemia and an increased CV risk in TIDM and T2DM patients. (Yang et al. 2016)

Insulin therapy adherence is a common problem, and indeed the adherence to insulin therapy
was low at the study beginning of the DIADEMA study, with only 22% of the adolescents
adhering to their insulin therapy regimen. A literature review by Krass et al. that included 27
different studies of diabetes patients revealed that adherence varied widely between studies
(38.5% to 93.1%). Several factors influence insulin therapy adherence, including depression

or medication costs. (Krass et al. 2015) Goedken et al. evaluated the clinical records of 1566
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patients with various diseases and detected a total of 8439 DRPs; 63% of these DRPs were

related to non-adherence. (Goedken et al. 2018)

One of the key components of effective diabetes management and glycemic control is the type
and amount of nutritional intake. (Hamdy et al. 2016) The right balance between carbohydrates,
fats, and proteins, in combination with the correct calculation of the insulin dose, is important.
(Smart et al. 2018) Implementing an individual nutrition plan and providing coaching by a
registered dietitian or health care provider is the optimal solution according to current research
and guidelines. (Hamdy et al. 2016, Smart et al. 2018) In the DIADEMA study, the individual
nutrition plan was developed and optimized in collaboration with the patient and other health
care providers as part of the pharmacist intervention. In addition, the adolescents received

regular nutrition management training from the diabetologists and the diabetes educator.

In the intervention group, patients already participated in regular exercise and were physically
active. One barrier to implementing physical activity guidelines as reported by Tully et al. is the
fear of hypoglycemia during or after exercise. (Tully et al. 2016) Physical exercise has many
beneficial outcomes, including increased glucose uptake, which leads to lower blood glucose
levels. (Abraham et al. 2018) Regular exercise can improve the health and well-being of T1DM
patients; it can help to achieve their target lipid profile or glycemia goals. Inadequate knowledge
of the correct management of insulin therapy before, during, and after exercise is a frequent
problem. (Riddell et al. 2017) Because of this, one of the mandatory PhC intervention topics
addressed the theoretical and practical skills concerning the effect of physical activity on blood
glucose regulation, the skills to individually adjust insulin therapy, and the correct

documentation and interpretation of self-measurements.

Especially during adolescence, improved glycemic control can prevent the occurrence of
acute and long-term diabetes complications such as severe hypoglycemia and
microalbuminuria. (Cameron et al. 2018) Demirel et al. found that microalbuminuria was the
most common microvascular complication in a group of adolescents with T1DM. (Demirel et
al. 2013) In particular, long-term diabetes complications such as nephropathy and retinopathy
can appear in young, middle, or advanced adulthood because patients with poor glycemic
control develop these complications after 15-20 years of diabetes. (Nordwall et al. 2015)
Viswanathan et al. studied 5,000 children with type 1 diabetes and found that that after 10
years, diabetic retinopathy was the most common microvascular diabetes complication,
followed by nephropathy. (Viswanathan 2015) Worldwide, diabetic retinopathy is a prominent

cause of visual impairment and even blindness. (Pascolini et al. 2012, Resnikoff et al. 2004)
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One important aspect of the DIADEMA study was the interdisciplinary work between
pharmacists, diabetologists, and diabetes educators. The interdisciplinary team met every 2
months to discuss the results and information about recent therapy changes. Physicians
provided coded data from the regular medical check-ups to the pharmacists via telefax. Other
studies have found that including a pharmacist in an interdisciplinary team significantly reduces
the hospital and pharmacy costs. (Boyko et al. 1997, Haig et al. 1991) Team-based care
including a clinical pharmacist was found to improve the overall quality of medication use and

reduce the rates of readmission. (Makowsky et al. 2009)
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2.5 Limitations

There are some limitations to this subanalysis and evaluation of patient data. A major limitation
was the small number of patients (n=40) and the occurrence of missing values, which reduced
the amount of analyzed data (n=27-39). A study duration of 6 months does not allow us to
study long-term complications, although conclusions regarding the reduction and/or
occurrence of acute complications could be made. Another potential limitation could be
differences in the health care systems and differences in the education of the pharmacists in
the two regions covered by the DIADEMA study. Regarding the reduction of HbA1c values, a

comparative analysis found no statistically significant difference between the two regions.
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2.6 Conclusion

The analysis of the DIADEMA study revealed that PhC can improve glycemic control in
adolescents with T1DM. The reduced HbA1c values and improved glycemic control were
particularly related to decreased FBG values and improved therapy adherence. Furthermore,
patients increased their frequency of SMBG and daily insulin injections to better adjust their

insulin therapy.

The interdisciplinary work between diabetologists, pharmacists, and diabetes educators
conducted in the DIADEMA study was beneficial for the patients. Patient-tailored and
target-oriented interdisciplinary work was shown to profoundly improve the patients’ glycemic

control.

The pharmacists in this study provided patient-centered PhC during the patient’s transition of
care. In this phase, adolescents need special additional support from health care professionals.
Supporting and motivating the adolescents to take over self-management of their diabetes
therapy and to transform current guideline recommendations into feasible and reasonable

arrangements was one essential aim of this study.

A general objective should be to offer this optimized PhC to adolescent T1DM patients on a
larger scale throughout Germany in community pharmacies. In particular, adolescents with
poor glycemic control (HbA1c values above 9%) should have the opportunity to take part in a
PhC intervention and to benefit from it. However, to be able to offer this structured and
patient-centered PhC, pharmacists need to undergo specialized training, and they must

receive the time and remuneration necessary to implement this service in everyday practice.

The results of this research led to further questions. For example, are there are other RCTs
that have: (1) assessed the effectiveness of PhC interventions provided by community
pharmacists for TIDM and T2DM patients in all age groups, (2) described in detail how the
PhC interventions were provided, and (3) provided information about the content of training
provided to the study pharmacists. In order to answer these questions, a literature search and
meta-analysis of studies with PhC interventions provided by community pharmacists for T1DM

and T2DM patients was conducted.
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3 Chapter Two — Systematic literature review and meta-
analysis of effective pharmaceutical care interventions
provided by pharmacists for patients with diabetes type
1 and 2

Parts of this chapter have already been published. The author of this thesis, Maira Anna
Deters, was first author of this publication and made the following contributions to the
publication:

Deters MA, Laven A, Castejon A, Doucetfte WR, Ev LS, Krass I, Mehuys E, Obarcanin E,
Schwender H, Laeer S. Effective Interventions for Diabetes Patients by Community
Pharmacists: A Meta-analysis of Pharmaceutical Care Components. Ann Pharmacother. 2018
Feb;52(2):198-211. doi: 10.1177/1060028017733272. Epub 2017 Sep 26.

Contributions: (1) conceptualization with Dr. Anna Laven and Prof. Dr. Stephanie Laer, (2)
literature research as first reviewer with Dr. Anna Laven as second reviewer (four eye
principle), (3) creation of the survey and cover letter to the coauthors, (4) meta-analysis and
residual statistical analyses with Prof. Dr. Holger Schwender (four eye principle), and (5)

original draft preparation.

3.1 Background

Many RCTs have assessed PhC generally (McLean et al. 2003, Park et al. 1996) and PhC for
diabetes patients specifically (Grant et al. 2003, Hendrie et al. 2014, Kjeldsen et al. 2015). There
is a wide variety of (systematic) reviews and meta-analyses that have assessed the effect of
PhC in different pharmacy settings for diverse diseases and on various outcomes. Some
reviews have shown that pharmacist interventions can have a positive impact on various
outcomes for diabetes patients, such as HbA1c, FBG, and QoL. (Aguiar et al. 2014, Antoine et
al. 2014, Blenkinsopp et al. 2005, Collins et al. 2011, Krass et al. 2015, Lindenmeyer et al. 2006,
Machado et al. 2007, Omran et al. 2012, Santschi et al. 2012) A meta-analysis by Tricco et al.
assessed the effectiveness of different quality improvement strategies regarding the reduction
of HbA1c values. The authors found that the most effective quality improvement strategies
were working interprofessionally, the facilitated relay of information to clinicians, and the

promotion of self-management. (Tricco et al. 2012)
The aforementioned reviews and meta-analyses with diabetes patients included studies with

varying study settings and/or designs, or did not include studies with community pharmacist

interventions specifically, or the documented and analyzed primary outcomes varied widely.
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To our knowledge, there are no systematic reviews or meta-analyses that have specifically
evaluated the results of RCTs on the effect of PhC provided by community pharmacists to
diabetes patients. Furthermore, the previously published systematic reviews and
meta-analyses did not evaluate the effectiveness of the individual intervention components, nor

did they describe, in detalil, the training the study pharmacists received before the intervention.
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3.2 Methods

3.2.1 Objective

The primary objective of this systematic literature research and meta-analysis was to evaluate
the impact of PhC or MTM provided by community pharmacists on the glycemic control of
T1DM and T2DM patients. Secondary objectives were the identification of effective PhC
components and a description of the training that these pharmacists received as part of the

study.

3.2.2 Data sources and search strategy

Data sources

PubMed (January 2000 to February 2016) and the Cochrane Central Register of Controlled
Trials (January 2000 to April 2016) were searched by the reviewers (Anna Laven and the
author of this dissertation, Maira Anna Deters) for RCTs that evaluated the impact of PhC
provided by community pharmacists on T1DM and T2DM diabetes patients. RCTs have a
strictly controlled study setting and methodology and therefore high internal validity; hence,
RCTs are the gold standard of clinical trials. (Saturni et al. 2014) To ensure the quality of our
meta-analysis results, we only included RCTs in our systematic review. Other study types were
excluded to guarantee comparability of the study results. The time frame (2000 to 2016) was
chosen to exclude studies that did not reflect the current conditions in community pharmacies,
because the implementation of PhC has greatly developed in recent decades. (Bulajeva et al.
2014, Costa et al. 2017) An additional screening of the references of the included studies was

carried out, and identified meta-analyses were also screened.

Search strategy

The following search strategies were developed a priori before the literature search was
conducted. The keywords that were used for the formulation of the search strategy were
selected due to their relevance and significance and/or frequency of being mentioned in other
literature. For the PubMed search strategy, the keywords were searched in the published
Title/Abstracts (TiAb) of the literature and MeSh terms were used. MeSh terms are assigned
by PubMed and function as headings for thematic areas of research. In the Cochrane Central
Register of Controlled Trials, one can only search for keywords and additional filters, such as
publication date. Thus, these search strategies are quite different, and the PubMed search is

more comprehensive.
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The search strategy for PubMed was:

(((Community pharmacy services OR community pharmacists OR community pharmacy OR
medication therapy management OR pharmaceutical care OR patient empowerment [MeSH
terms]) AND (diabetes mellitus AND pharmacists [MeSH terms])) OR (((pharmaceutical care
OR medication review OR pharmacist intervention OR pharmacist service OR community
pharmacist OR MTM OR medication management OR medication therapy management [TiAb])
AND (diabetes OR glycaemic control OR glycemic control [TiAb])) AND randomized controlled
trials [TiAb]). Filters: Publication date from January 1, 2000 to February 26, 2016.

The search strategy for the Cochrane Central Register of Controlled Trials:

(Community pharmacy services OR medication therapy management OR pharmaceutical care
services) AND (diabetes mellitus AND pharmacists) [Keywords]. Filters: Publication date from
January 1, 2000 to March 11, 2016.

3.2.3 Study selection and data extraction

Inclusion criteria
The inclusion criteria were:
e clinical and/or humanistic primary and secondary outcomes, such as HbA1c values or
QoL parameters
e diabetes-related outcomes
¢ relevant components of the intervention were described

e description of the pertinent elements of the training received by the pharmacists

Exclusion criteria
Articles were excluded if:
e the primary clinical and humanistic outcomes were not diabetes-related, e.g., if BP or
QoL was evaluated as the sole primary outcome
e the study indicated no pharmacist intervention outcomes; e.g., the intervention was
conducted by pharmacists and life coaches and the results could not be evaluated

separately
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Procedure of the systematic literature search

The study inclusion and exclusion criteria were defined a priori. First, two reviewers reviewed
the title and abstract of each article independently; discrepancies and uncertainties were
discussed between these two reviewers afterward and were resolved. Subsequently, the
reviewers independently screened the full text of all eligible articles. Again, all discrepancies
or uncertainties were discussed and resolved. In the next step, the data of the included articles
were extracted, and articles that did not have the HbA1c value as a primary outcome were

excluded.

Data extraction

For all identified RCTs, the author name, publication title, year of publication, study design
(such as sample size and study duration), intervention design (such as length and the
implemented components), and the design of pharmacist training (such as the extent of training
and the training elements used) were extracted. A table presenting this data is provided in
Appendix X 9. Both review authors double-checked the entire extracted dataset of the eligible

studies.

PRISMA and CONSORT statements

The documentation of the rationale, method, and results of the systematic literature search and
meta-analysis was conducted according to the 2009 PRISMA statement, checklist, and flow
diagram. (Liberati et al. 2009, Moher et al. 2015) To document the individual particularities of
each included RCT, an Excel table was created that included relevant aspects such as
participants, interventions, primary and secondary study outcomes, sample size, and statistical
methods. This table was created according to the CONSORT statement for reporting RCTs to
ensure that only high-quality RCTs were included. (Schulz et al. 2010)

Creation of the author survey

To obtain further information on the implementation of PhC and the training pharmacists
received beforehand, a questionnaire was designed for the corresponding authors of the
eligible RCTs. To identify the authors, their contact information (forenames, surname,
telephone number, and e-mail address) was entered into the questionnaire. The first part of
the questionnaire was designed according to the main contents of the PhC interventions
reported in other systematic reviews or meta-analyses. (Aguiar et al. 2014, Antoine et al. 2014,
Blenkinsopp et al. 2005, Collins et al. 2011, Krass et al. 2015, Lindenmeyer et al. 2006,
Machado et al. 2007, Omran et al. 2012, Santschi et al. 2012) Pertinent elements of this

questionnaire, including detailed information about the pharmacist interventions, were
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extracted from these publications and classified into logical subtopics by the two reviewers.
The first part of the questionnaire asked for detailed information about the pharmacist
interventions, such as the intervention duration, interval, and the type and the content of patient
education. In total, eight questions were formulated with the objective of clarifying the precise
process of conducting the PhC in each RCT. The next part of the questionnaire asked questions
about the training that the pharmacists received as part of the study. These questions were
formulated according to the current DDG diabetes training for pharmacists. (DDG 2020) For
example, this section of the questionnaire (13 questions) asked whether key aspects of the
diabetes therapy or relevant soft skills were trained. To avoid missing any relevant aspects or
content, the authors could enter free text as a comment in addition to selecting an answer from
a set of provided options. In the last part of this questionnaire, the analyzed HbA1c values of

their studies should be inserted (see Appendix X 10).

Conduction of the author survey

All corresponding authors were contacted first by email and subsequently, if required, by
telephone. The authors were informed about the aim of this meta-analysis and the possibility
of being included in the meta-analysis if they answered the whole questionnaire. In addition,
the corresponding authors were informed about the content of the questionnaire (eight
questions about the pharmacist intervention, 13 questions about the pharmacist training, and
two questions about the analyzed HbA1c values). Additionally, the authors had to send their

raw data, in particular the HbA1c values, to be included in this meta-analysis.

3.2.4 Statistical analysis

In this meta-analysis, the measure of impact was the HbA1c values. To identify the
effectiveness of PhC provided by community pharmacists, a meta-analysis for continuous
outcomes was first conducted using the random-effects model. Continuous outcomes are
values that are measured on a numerical scale. The use of the random-effects model instead
of the fixed-effect model was based on the assumption that the study effect estimates would
show more variance if they were taken from a single population. To assess the effect of outliers,
a sensitivity analysis was conducted using the leave-one-out method. A second meta-analysis
was conducted to identify effective pharmacist interventions on glycemic control. Training
components that had a significant positive impact on diabetes-related outcomes were
identified. T and I” were calculated to evaluate the heterogeneity of the included studies. 1° is
a measure of the between-study variance, and I? quantifies the inconsistency between the

included and analyzed studies. All raw data were coded and divided into thematic subgroups.

67



Chapter Two — Systematic literature review and meta-analysis of effective pharmaceutical care interventions provided by
pharmacists for patients with diabetes type 1 and 2

In accordance with the published analyzed studies, missing data and incomplete data were
excluded. A Spearman correlation analysis was conducted to identify the strength of possible
correlations between differences in the HbA1c values and the study duration, intervention, and
training elements. All statistical analyses were conducted by the author of this dissertation,
Maira Anna Deters using R studio version 0.99.484 and were verified by Prof. Holger

Schwender. (R-Foundation 2022)
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3.3 Results

3.3.1 Systematic literature research

Systematic review results

The systematic literature search identified 244 articles from PubMed and 56 articles from
Cochrane. After removing 37 duplicates, 263 articles remained for the title/abstract screening.
From these 263 articles, only 36 were eligible for full-text screening. Most articles were
excluded because they were not RCTs or because other pharmacists provided the
pharmaceutical care (see Figure 11). The remaining 36 articles (representing 36 unique
studies) underwent full-text screening, during which 20 studies were excluded by the two
reviewers. In seven of these, other pharmacists provided the intervention, in five the primary
outcomes were not eligible, in three the study design was not RCT, and in the remaining five
studies, the study population included diseases other than diabetes, the effect of

pharmaceutical care was not documented, or access to the full-text could not be obtained.

Further analysis procedures

The remaining 16 articles were included for further evaluation, and five of these were excluded
because they had different primary outcomes. (Grant et al. 2003, Hendrie et al. 2014, Kjeldsen
et al. 2015, Ladhani et al. 2012, Odegard et al. 2012) For these reasons, these articles were
not directly comparable with the rest of the studies. The remaining 11 studies that had HbA1c
values as a primary outcome were selected for inclusion in both meta-analyses. (Ali et al. 2012,
Castejon et al. 2013, Doucette et al. 2009, Fornos et al. 2006, Jahangard-Rafsanjani et al. 2015,
Jameson et al. 2010, Kraemer et al. 2012, Krass et al. 2007, Mehuys et al. 2011, Mourao et al.
2013, Obarcanin et al. 2015) The corresponding authors of these 11 studies received an online

survey to provide further relevant information.
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Figure 11 Flowchart of the systematic review and further data analysis (Deters et al. 2018)
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3.3.2 Meta-analysis: effectiveness of pharmaceutical care for diabetes
patients provided by community pharmacists

Of the 11 corresponding authors who received the survey, only six provided their raw data
(HbA1c values) for inclusion in the meta-analysis and completed the entire questionnaire. The
remaining five studies were excluded from further analysis due to differences in the description
of the HbA1c values, such as missing standard deviation (SD) values. The absence of raw data
made it impossible to calculate the exact meta-analytical effect of the intervention components
of these five studies. (Ali et al. 2012, Fornos et al. 2006, Jahangard-Rafsanjani et al. 2015,
Jameson et al. 2010, Kraemer et al. 2012) Another reason for excluding these five studies was
inaccurate or incomplete descriptions of the PhC interventions, such as a list of intervention

components and/or the type and duration of the pharmacist training.

Characteristics of the included studies

All PhC interventions were provided by community pharmacists (see Table 12). However, in
one of the studies, one pharmacist was an external adviser in an ambulatory diabetes clinic in
Bosnia-Herzegovina. (Obarcanin et al. 2015) The majority of studies included adult patients
with T2DM, while only one study focused on adolescent patients with T1IDM. The inclusion
criteria of the studies were adapted to the research question. One RCT conducted in the USA
investigated whether patients that already received two diabetes trainings within the last two
years could benefit from PhC and therefore only included trained diabetes patients. (Doucette
et al. 2009) One RCT only included Latino T2DM patients and excluded patients who were
unable to watch the learning videos or participate in a focused discussion group due to hearing
impairment. (Castejon et al. 2013) Two studies selected patients with insufficient glycemic
control; for example, one of the inclusion criteria was an HbA1c value above 7%. (Krass et al.
2007) One RCT selected only obese patients who received oral antidiabetics (OADs) and who
were aged between 45-75. (Mehuys et al. 2011)

71



Chapter Two — Systematic literature review and meta-analysis of effective pharmaceutical care interventions provided by

pharmacists for patients with diabetes type 1 and 2

Z adAy snyjjew

seleqelp {NAZL ‘| 8dA) snylew seleqelp IAALL ‘SONSGEIPIUE 210 :SAYO ‘OlgelieAe Jou :yN ‘dnoib uonusaielul ;| ‘uiqojBoway pajeokB 1oL yaH ‘dnoib [01uoco 1) ‘xepul ssew Apog :NG ‘©s0on|6 pooiq 19 SucleInelqay

auljeseq WOl sousIayp Juedyiubls,
[enjea Xew-ujw] uesw JO UOHEIABD PIEPUE]S T UES,

((F1-1]1 89)
8Lzl 6F%L D Bumes Alojengquie
¥6:0 (lr1-11 (WN)9Z D Aep aad uinsu N G'0< ‘plo pue Aoeuueyd GLOZ ‘1
¥6:1 696 [21-2LlshLl (VN) 6€ I SuoN sueaA gL 0)1ZL ‘INALL ‘%6< 2LVAH 9 Aunwwo) j uueaseqQ
Tp/Bw 08 L < sjeA9) |eipueudysod
Agow |eaisAiyd  ©g  ‘eyejul  uopesipaw  syjuow
gLFGED (YN)BBFELID (#9) 060  peaedw 'sieyjow 9Z ‘pjo sieek gL ‘uoleolpaw Sjun a1eo €102
1'Z¥6'6:1 (¥YN)Z0LF009: (G9)0G: Businu jueubeid L= ‘sQVO  ‘%i<  OLVaQH 9 yyesy Aiewud ‘e 3@ oeunop
(¥N) Aoew.eyd ayj jo Joyisia Jejnbad
[i-9¢leso [626¥] €29 D (ger)zeL D ‘Zw/By 6Z< IINg ‘pIo sueeA G/ 0} G Koeuueyd 1102
[BzL-2¢6lz2:1 (wN) [¥8-0F1 €911 (eg1) 8pL 1 Adeseyy uynsu]  ‘syjuow 1< eyeul SAVO ‘NAZL 9 Aunwwon ‘le 3@ sAnysp
Bnip Buuamol-pid|
Jo ‘euiBue ‘aaisuepiadAynue L= uo
8JaM OUyM puUe uljnsul Jo uoijedipauwl
Buuamol-asoon|b |eijo < Bupiey
aUaM OUM ‘050" /< DLY ‘poasn asem
.:__:w:_ 40 uonedipsaw m:_gmzso_
€LFE8D  (FOL)LLFZI9D (BG1) O¥L D -as0on|b [eJo |2 J ‘%G /2 OLYaH Koeuueyd 1002
¥LT¥6'8: (298) LL 291 (921) 6¥1 11 ouoN  ‘(unsu) Ajjeuonippe) savyo ‘WAzZL 9 Aunwwo) ‘le 3@ ssery
sojeqelp
jeuonelseb  ‘uoneindwe
pejeje.-sejeqelp
‘ssaupulq |eBa| ‘exoss
(WN) oibey.ioway/olweyos! sieah Z jsed ay) uigym
I6LFLELD €€l F 185 D (zv) Ge:0 euones  ‘eunjej MEBY S8SINOD SBJACEIP OM} peje|dwod Aoeuueyd 6002
Gr'LF66°L: (VWN)6OLFZI9: (9€) LE 1 Al 9beys Uspiosip onedeH  ‘plo sueeA 81 = ‘% /= 9LYAH ‘NATL Z) Aunwwo) ‘le 3@ e9paanoQg
(yuewisiedw Buneay)
dnoub uolssnosip
pesnooy e ul ejedoned
¥0¥28:0 (YN) 0L ¥G5:D (VN) ¥2:O 10 08piA B YdIEM O} 8|qeun Bumes €102
yoFeg:l (YN)6 F ¥5 1 (VN)6L 1 ‘seleqelp [euopeyses) sejegelp yum souneT ‘WazL € peseg-Ajunwwiod °|e 3@ uofejsen
sjuanjed [syjuow]
[%]olvaH  |[sseaf]uopeinp (pejj04us) uoneinp
auljeseg sajaqe|p) aby pazAjeuy BLI9)II2 UoISN|aX3 BLISJII2 UoISN|ou| Apmig Buipyes Apmis

sisAjeue-ejaw ayj ul papn|oul saIpnjs ayj jo ubisaq zZ| a|qel

72



Chapter Two — Systematic literature review and meta-analysis of effective pharmaceutical care interventions provided by
pharmacists for patients with diabetes type 1 and 2

There were large differences in the number of patients in the six included studies. The smallest
study included only 43 patients, 24 in the control group and 19 in the intervention group. In
contrast, the largest study enrolled 335 patients and analyzed 289 (140 in the control group
and 149 in the intervention group). (Castejon et al. 2013, Krass et al. 2007) The median number
of patients included in these RCTs was 83 patients per study. In contrast, the study duration
was relatively consistent between studies. In four studies, the pharmacists provided PhC over
a period of 6 months (median duration was 6 months), and in the other two the study durations
were 3 and 12 months. Reflecting the inclusion criteria, the mean age in the majority of studies
was over 60 years, while the study of adolescent T1IDM patients had an average age of 15
years. Only two RCTs reported diabetes duration; in the other studies, this data was not
available. (Krass et al. 2007, Obarcanin et al. 2015) There was a large variance in baseline
HbA1c values between studies; to avoid bias or incorrect conclusions, a Spearman correlation

analysis was planned a priori.

In all studies, the pharmacists provided face-to-face consultations, and in half of the studies the
patients also received additional telephone calls. (Doucette et al. 2009, Krass et al. 2007,
Obarcanin et al. 2015) All studies except one (Obarcanin et al. 2015) offered printed leaflets
with further information. The median intervention duration was 45.5 minutes, with the longest
taking 80 minutes and the shortest 30 minutes. Interventions were conducted monthly in most
studies (n=5), although one RCT had an intervention interval of three months. (Doucette et al.
2009) The recorded, documented and analyzed clinical outcomes varied between the studies.
All studies recorded HbA1c values and blood glucose levels. Other clinical outcome
measurements were BP, lipid profile, weight, and number of hypoglycemic episodes. Five
studies also recorded humanistic outcomes such as therapy adherence, health status, or the

patients’ diabetes knowledge (see Table 13).
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Characteristics of studies excluded from the meta-analysis

The five excluded studies were also screened, and the relevant data was extracted. To prevent
distortions in the conclusion of this meta-analysis, the six included and five excluded RCTs
were compared qualitatively to identify whether they varied regarding the study setting and
design. There were only a few minor differences between the included and excluded studies.
The excluded studies had a longer mean study duration (10.8 months) compared to the
included studies (6.5 months), and the five excluded RCTs had a smaller number of enrolled
and analyzed patients (see Table 14). Additionally, the mean intervention duration of the
included studies was longer (48.5 minutes) than that of the excluded studies (35 minutes) (see
Table 16).

However, there were more commonalities than differences between the six included studies
and the five excluded studies, such as the variation in inclusion and exclusion criteria between
the studies. Some studies used HbA1c values as inclusion criteria to select patients who had
poor glycemic control. Other studies included only adult patients or patients who were able to
conduct SMBG. Another commonality was that most of the excluded RCTs (three of the five
studies) only included patients with T2DM. Variation in the age of the included patients and in
the baseline HbA1c values were the same between the included and excluded studies. The
remaining aspects of the intervention design, such as intervention interval, types of
intervention, and clinical and humanistic outcomes, were similar between the two groups of

studies.
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Risk of bias

To assess the risk of bias, the CONSORT statements for reporting RCTs and the PRISMA
statement for conducting meta-analyses were used. (Liberati et al. 2009, Moher et al. 2015,
Schulz et al. 2010) The random sequence generation or allocation concealment was not
described in detail or at all in three of the studies; therefore, the risk of bias was unspecified in
these three studies. (Castejon et al. 2013, Doucette et al. 2009, Krass et al. 2007) For the
remaining three studies that reported the generation of a random sequence and allocation
concealment, the risk of bias was low. (Mehuys et al. 2011, Mourao et al. 2013, Obarcanin et
al. 2015) None of the six studies blinded the participants or blinded the outcome assessments.
The blinding of participants is not feasible when providing PhC due to the implementation of
additional patient visits and the need for medication analysis. However, data completeness was
addressed in all studies. In four of the six studies, a logical and detailed explanation was given
for missing or incomplete data. (Doucette et al. 2009, Krass et al. 2007, Mourao et al. 2013,
Obarcanin et al. 2015) The remaining two studies only briefly addressed missing data.
(Castejon et al. 2013, Mehuys et al. 2011) All trials had a low risk of selective reporting because
each measurement mentioned in the methods was reported in the results. Due to the limited
number of included studies, the risk of publication bias could not be evaluated in a funnel plot.
To meaningfully test for publication bias using funnel plot asymmetry, at least 10 studies are

required. (Higgins et al. 2011)

Meta-analysis of HbA1c values

The meta-analytical effect of PhC provided by community pharmacists on the HbA1c values of
the included 640 diabetes patients in this meta-analysis was an HbA1c difference of —0.66%,
with a 95% confidence interval (Cl) of [-0.86%, —0.45%] (see Figure 12). Hence, PhC reduced
the HbA1c values of the intervention group compared to the control group. Although two RCTs
reported results that were not statistically significant (Castejon et al. 2013, Doucette et al.
2009), the overall effect of the six studies was still positive. Figure 12 shows that the largest
effect on HbA1c, —1.29% with a Cl of [-2.02%, -0.56%], was obtained by Mourao et al. In that
study, the HbA1c values of the control group patients increased and those of the intervention
group decreased. (Mourao et al. 2013) The smallest (and non-significant) effect was in the
study by Doucette et al.; the difference in HbA1c values was -0.29%, with a Cl of
[-0.96%, 0.38%]. (Doucette et al. 2009) The studies that had a stronger impact (i.e., weight) on
the meta-analysis were those by Krass et al. and Mehuys et al., with 232 analyzed patients and
a weight of 35.9% and 127 analyzed patients and a weight of 32.1%, respectively. (Krass et al.
2007, Mehuys et al. 2011)
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Study Number of patients  Meta-analytical mean Weight
(cy* difference [%]
HbA, -values [%]
(95% Cl 1)
Castejon, 43 (19/24) -0.75 (-1.79 t0 0.29) 39 |
2013
Doucette, 73 (25/38) -0.29 (-0.96 to 0.38) 9.5 ! ]
2009
Krass, 232 (125M107) -0.70 (-1.04 to -0.36) 359 —
2007
Mehuys, 127 (58/69) -0.48 (-0.84 to -0.12) aza —a—
201
Mourao, 100 (50/50) -1.29 (-2.02 to -0.56) [g:} k L
2013
Obarcanin, 65 (39/26) -0.86 (-1.49 t0 -0.23) 10.8 b l |
2015
Overall 640 (326/314) -0.66 (-0.86 to -0.45) 100.1 —ni—
r T L) T L L) L) L)
-2.5 -2 -1.5 -1 -0.5 0 0.5 1

Difference HbA,_-valuesT [%]

*|=intervention group, C=control group; 1 Cl= confidence interval; T glycated hemoglobin values; ——— 95% CI; B point estimator

Figure 12 Forest-plot HbA1c-values meta-analysis according to Deters et al. (Deters et al. 2018)

Evaluation of heterogeneity and sensitivity analysis of the analyzed studies

To evaluate the inconsistency between the analyzed studies, 12 and I> were calculated. The
Cochrane Handbook version 5.1 (Chapter 9.5.2) states that a value between 0% and 40% for
I? indicates that the inconsistency across the analyzed studies might not be important. (Higgins
et al. 2011) Here, the 12 was 7.9%; this indicates that there was no inconsistency between the
six included studies. This is supported by the 12, which was 0. The q value was calculated to
assess the heterogeneity of the studies, and a significance test was conducted. The g value
was 5.43 and the related p-value was 0.3659. Hence, we concluded that there was no
significant heterogeneity between the six analyzed studies. A sensitivity test was also
conducted to assess whether the meta-analytical effect changed when one of the studies was
excluded. The results of this analysis varied between a meta-analytical HbA1c difference of
—0.6018% when excluding Mourao et al. (the study with the highest effect) and —0.7393% when
excluding Mehuys et al., which had a high weight (32.1%) and the smallest significant effect.
(Mehuys et al. 2011, Mourao et al. 2013) The results of the sensitivity analysis indicate that the
decisions made during the course of this meta-analysis, as well as potentially missing

information, did not affect the overall meta-analysis results.
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Meta-analysis of relevant intervention components

After conducting the meta-analysis of HbA1c values, 36 intervention components were
analyzed. The corresponding authors of each study answered the aforementioned
questionnaire about how the PhC was conducted and the training that the pharmacists
received prior to the PhC intervention. Four components in the questionnaire asked about
methods of patient education, such as personal visits or printed leaflets. Three questions dealt
with medication examination, such as identifying DRPs during medication analysis. A large
portion of the questionnaire (11 components) dealt with patient empowerment and disease
management, such as setting individual goals with the patient and discussing diabetes-related
complications. The remaining six components asked about interdisciplinary work, for example
with the diabetologist or physician, or referrals to other health care professionals. The
pharmacist gave feedback and recommendations for drug therapy changes to the physician in
only a few studies (n=4), because in some studies the interdisciplinary collaboration between

pharmacists and physicians was not mandatory in the study protocol.

The meta-analysis of the PhC intervention elements revealed that most of the analyzed
elements had a significantly positive effect on HbA1c. The meta-analytical effect of the following
five intervention components was not significant: (1) if recommended, skin examinations, (2)
retinopathy screening, (3) nephropathy screening, (4) whether patients were referred to a
specialist nurse for additional care if needed, and (5) watching an educational video. These
components were likely not significant because they were included in only one RCT. (Castejon
et al. 2013, Obarcanin et al. 2015) Table 16 shows that some components were more effective
than others. The largest effect on the meta-analytic mean difference (-0.81% each) came from
setting individual goals with the patient and sending recommendations to the diabetologist or
physician. Hence, these two intervention components were the most effective. A medication
review that identified patient DRPs was nearly as effective, with a meta-analytic mean
difference of —0.79% with a CI of [-1.23%, —0.35%]. Assessing the patient’s current health
status with a questionnaire was the measurement/assessment with the largest effect on HbA1c;
however, a similar effect was found by assessing and discussing the patient’s health beliefs
and medication knowledge and analyzing the patient's SMBG records. In most studies that
evaluated the frequency of SMBG and/or the current blood glucose level, the patient's SMBG
records were analyzed in any available form (e.g., handwritten). However, in the study by Krass
et al., the SMBG measurements were downloaded in the form of graphs from the blood glucose
meter using a software program. The pharmacists reviewed these records and the graphs with
supportive explanations or statements and empowered the patients to improve their disease

management. (Deters et al. 2018)
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Table 16 Meta-analytic effect of the intervention outcomes according to Deters et al. (Deters et al.
2018)

Meta-analytic

Number of mean difference 95%
Intervention component analyzed . Confidence
. in HbA,. values . o
patients [%] interval [%]

Analyzing the medication
Medication review 281 -0.79 -1.23t0 -0.35
(including identification of
drug-related problems)

Disease management

Diabetes-related 540 -0.60 -0.82 to -0.39

complications

Patient health beliefs and 513 -0.74 -0.99to -0.49

medication knowledge

Nutrition, exercise, and 640 -0.66 —0.86 to -0.45

smoking

recommendations

Review of diabetes record 297 -0.74 -1.04 to -0.44

books

Individual goal setting 440 -0.81 -1.08 to -0.54
Measurements and assessments

Blood glucose 567 -0.70 -0.93 to -0.47

measurements

Adherence 402 -0.60 -0.85to -0.36

Diabetes knowledge 308 -0.54 -0.81 t0 -0.26

Health status 340 -0.74 -1.03to -0.45

Patient satisfaction with 413 -0.67 -0.93 to -0.40

pharmacist intervention
Health care collaboration

Sending feedback and 470 -0.81 -1.07 to -0.55
recommendations to the
physician

A correlation analysis was performed as part of this meta-analysis. There was a small
correlation between the total number of intervention elements provided and the change in
HbA1c. This correlation was small and negative, indicating that a larger number of intervention
elements may lead to greater improvements in HbA1c and therefore glycemic control.
Furthermore, there was a small, positive correlation between the study duration and the HbA1c
change. This indicated that the effect decreased over the course of the study period; however,

the correlation was quite small (0.10) and a valid conclusion cannot be drawn.
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3.3.3 Description of pharmacist training prior to pharmaceutical care
intervention

Before the studies began, the participating pharmacists received training on the relevant
aspects of PhC and diabetes disease management. There was a large variability in training
duration among the studies, with a minimum training duration of six hours and a maximum of
30 hours (mean training duration of 13.8 hours). Five of the six RCTs trained the pharmacists
once before the study began; the study by Obarcanin et al. repeated the training every 2

months. (Obarcanin et al. 2015)

The education and profession of the trainers also varied widely among the six included studies.
The largest number of professions of those who provided the training (e.g., community
pharmacists, clinical pharmacists, physicians, and diabetes specialist nurses) was six in the
study by Krass et al. and the lowest number was two in two studies (see Table 17). (Castejon
etal. 2013, Krass et al. 2007, Mourao et al. 2013) A pharmacologist and a dietitian were trainers
in only one study each. (Krass et al. 2007, Mourao et al. 2013) In one study the participating
community pharmacists were trained together with postgraduate pharmacy students.

(Castejon et al. 2013)
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Another aspect of the pharmacist training is the topics and content covered in the training. The
questionnaire asked about the pharmacists’ training before and during the study; in particular
pertinent training contents that are recommended by the current DDG guidelines. (DDG 2020)
These included the following topics: pathophysiology of diabetes, diagnosis and therapy for
T1DM and T2DM patients, lifestyle and documentation advice, and practical aspects of
diabetes self-management (see Table 18). In particular, pathophysiology included not just the
physiological processes of insulin secretion and blood glucose regulation, it also included the
effect of insulin deficiency in diabetes patients, the altered blood glucose counter-regulation,
and the symptoms and impacts of hyper- and hypoglycemia. Theoretical and practical skills
concerning the effect of physical activity on blood glucose regulation were also trained. Other
relevant topics were discussed, such as high blood glucose levels, body weight, BP and lipid
levels and their impact on diabetes therapy and management. The pharmacists also received
a general introduction to recommended diagnosis and therapy options for diabetes patients
according to the current ADA and ISPAD guidelines. This also covered general medication
knowledge, including adverse events. Prevention, identification, and treatment of short-term
and long-term diabetes complications were discussed. Practical skills such as SMBG and
insulin injection techniques were also covered by the training so that the pharmacists would
be able to assess and help develop the practical skills of the patients during the study. The
lifestyle advice comprised different techniques to support patients’ disease self-management
and workable solutions to help the patient to correctly document various self-measurements
such as SMBG. In addition, the pharmacists were trained in documentation methods for
reporting patient adherence, diabetes knowledge, health status, and patient satisfaction with

the provided PhC.

To avoid false inferences, correlations were calculated between parameters of the pharmacist
training and the change in HbA1c values. There was no correlation between the number of
pharmacist training components and the altered HbA1c values. However, because the number
of analyzed studies was small and the total number of training elements was the same in half
of the studies (i.e., six of the studies had three elements), it was difficult to assess the influence

of the number of training components on the change in HbA1c values.
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Table 18 Elements of the pharmacist training in the included studies according to Deters et al.

(Deters et al. 2018)

Pathophysiology Diagnosis and therapy
Regulation of .
€9 . Impact of high General Short- and
blood glucose Impact of high -
T blood medication long-term
and insulin glucose levels L
. pressure knowledge complications
secretion
Castejon et al. 2013
Doucette et al. 2009 X X X X X
Krass et al. 2007 X X X X X
Mehuys et al. 2011 X X X X
Mourao et al. 2013 X X X X X
Obarcanin et al. 2015 X X X X X
Practical aspects
Self- . . .
Usage of insulin Blood pressure Lipid level
measurement of
pens measurement measurement
blood glucose
Castejon et al. 2013 X
Doucette et al. 2009 X X
Krass et al. 2007 X
Mehuys et al. 2011 X
Mourao et al. 2013 X X X
Obarcanin et al. 2015 X X
Important (lifestyle) advice
. . Documentation of self- Methods to support self-
Diet and exercise
measurements management
Castejon et al. 2013 X X X
Doucette et al. 2009 X X X
Krass et al. 2007 X X
Mehuys et al. 2011 X X
Mourao et al. 2013 X X X
Obarcanin et al. 2015 X X
Documentation
Adherence .
Diabetes . . .
and/or Health status Patient satisfaction
. knowledge
compliance
Castejon et al. 2013 X X X
Doucette et al. 2009 X
Krass et al. 2007 X X
Mehuys et al. 2011 X X
Mourao et al. 2013 X X
Obarcanin et al. 2015 X X

Communication techniques for practicing the pharmaceutical care intervention

.. . . Principles of

Motivational . Discussion of pies «

. o Role playing . pharmaceutical

interviewing patient cases

care

Castejon et al. 2013 X X X
Doucette et al. 2009 X X
Krass et al. 2007 X X X X
Mehuys et al. 2011
Mourao et al. 2013 X X X X
Obarcanin et al. 2015 X X X
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3.4 Discussion

Results of the meta-analysis: HbA1c values

The results of our systematic review and meta-analysis revealed that PhC provided by
community pharmacists can have a significant and positive effect on the glycemic control of
T1DM and T2DM patients, as indicated by their HbA1c value. This finding agrees with other
studies of PhC interventions in diabetes patients. A meta-analysis by Machado et al. included
16 studies with hospital or community pharmacists of mixed trial design (RCTs, clinical trials,
pre-post cohorts, and retrospective cohorts). The authors found an HbA1c difference of
—0.62%, which is similar to our result. (Machado et al. 2007) The meta-analysis by Collins et al.
included 14 RCTs that conducted PhC in community and hospital settings and found that the
HbA1c values were reduced by —0.76%, which is also comparable to our findings. (Collins et
al. 2011)

Improved glycemic control can lead to a reduced incidence of diabetes-related complications,
such as CV complications. The UKPDS included patients with T2DM and evaluated, among
other things, the effect of intensive glycemic control on the incidence of diabetes-related
complications. In the intervention group, intensive glycemic control reduced the occurrence of
microvascular complications by a quarter compared to the control group. The UKPDS also
found that any improvement in glycemic control reduced diabetes-related complications. (King
et al. 1999) The UKPDS also investigated whether intensive drug therapy and associated strict
adjustment of glycemic control entails any risks or whether it provides only benefits. The
treatment of T2DM patients with sulfonylureas or insulin to achieve intensive glycemic control
substantially decreased the risk of microvascular complications in the intervention group, but
the risk of hypoglycemia increased. (UKPDS-Group 1998b) Other studies, such as the study
by Park et al., have investigated whether reduced FBG levels can decrease the probability of
developing atherosclerotic CVD as a result of diabetes-related complications. (Park et al. 2013)
Another study came to the same conclusion that impaired or diabetic FBG levels lead to an

increased hazard ratio for the development of CV complications. (Lee et al. 2018)

Taken together, these findings indicate the positive effect of glycemic control on the risk of
developing microvascular complications. Considering the results of our meta-analysis,
community pharmacists should be a compulsory and vital part of the health care team to
support the self-management of diabetes patients so that they achieve improved glycemic

control. (Deters et al. 2018)
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The studies that were excluded from our meta-analysis had a median study duration of 12
months, whereas the included studies had a median duration of 6 months. The calculated
correlation between the study duration and the altered HbA1c values was positive but very
small. Therefore, we assumed that a study duration longer than 6 months would not lead to
either better or worse results. However, we found that 6 and 12 months were the most common
study durations. Regarding the study populations, there was no difference in the median
number of patients between the included and excluded studies. The studies that were excluded
had a median of 85 patients per study. This was similar to the median number of patients in the
six included studies (83 patients per study). Hence, the statistical effect size, based on the

differences in HbA1c values of both groups, was similar.

Results of the meta-analysis: effect of the intervention component

The meta-analysis of the effect of each intervention element suggested that the most effective
elements were patient-centered and interdisciplinary. The four most effective PhC elements
were sending feedback to the physician, setting individual goals with the patient, analyzing
blood glucose records, and analyzing the current medication to identify DRPs. We classified
patient-centered interventions as interventions that assess or use individual patient information
to provide personalized, necessary, and appropriate counseling. In addition to sending
feedback to the physician, individual goal setting was one of the most effective intervention
components (mean meta-analytical difference of HbA1c values —0.81%). We found that setting
specific goals with diabetes patients leads to better performance. This finding is reinforced by
previous studies on the effect and impact of setting goals. As stated in the goal setting theory
by Latham et al., goals are regulators of behavior. There is a positive relationship between a
specific high goal and task performance. (Latham et al. 2007, Latham et al. 1991) High goals
lead to better performance, although there are various factors that should be taken into
account, such as goal commitment, receiving feedback, and participation in decision-making.
(Latham et al. 2011)

None of the aforementioned reviews and meta-analyses included a quantitative assessment of
the effectiveness of individual intervention components. Hughes et al. described current
insights and future directions of the role of the pharmacist in the management of T2DM
patients. One qualitative analysis identified pertinent PhC components. (Hughes et al. 2017)
There were many commonalities between our intervention components and those identified
by Hughes et al., such as reviewing patient’s medication and referring them to another health
care professional. Therefore, we believe that we identified and analyzed many of the most

relevant intervention and training components in our meta-analysis.
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Results of the analysis: training design and content

Due to the small number of included studies and the large number of training elements, the
precise effect of the different training components and content could not be statistically
determined. Therefore, the specific content of the training implemented in the respective
studies was described qualitatively. Further research is needed to more accurately assess the
effect of the training that pharmacists received before and during the study. The pharmacists’
training might influence and bias the effectiveness of the intervention components. Studies are

also needed to evaluate the impact of different training methods and content.

Possible limitations and strengths of the included studies

One possible limitation of this meta-analysis was that the study by Castejon et al. had a small
study population and broad inclusion criteria. This could be one reason for the non-significant
difference in HbA1c values. Inclusion criteria such as a higher limit for the HbA1c value i.e.,
only including patients with HbA1c values above 8%, may have led to different results. One of
the strengths of this study by Castejon et al. was the comprehensive data collection and
evaluation. Additionally, in the included studies, many relevant tests were conducted on the

diabetes patients, such as tests for kidney disease. (Castejon et al. 2013, Deters et al. 2018)

Doucette et al. focused more on patient education and motivation than on medication changes;
this was one of the positive aspects of this RCT. The long study duration of 12 months was
another strength of their study. If a study has a long duration then there is a higher probability
that effects that occur only after a certain period of time will be detected. However, a longer
intervention interval (i.e., every 3 months) could be a reason for the non-significant decrease
in HbA1c values. (Deters et al. 2018, Doucette et al. 2009)

The largest study population of the six included studies was in Krass et al. This was one of the
strengths of their study. Another positive aspect was the provision of the same blood glucose
measurement system for all patients. This system offered the participating pharmacists the
opportunity to download values and graphs of the patients’ blood glucose levels at the
community pharmacy. Hence, all pharmacists could review and discuss the blood glucose
levels with the patient and give constructive recommendations on how to improve glycemic
control. One of the limitations of this study was the small differences between baseline
characteristics, such as the duration of diabetes, between the intervention and control group.
(Deters et al. 2018, Krass et al. 2007)
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There were two possible limitations of the study by Mehuys et al. The first limitation was the
non-standardized physician-pharmacist collaboration; the cooperation between physicians and
pharmacists was not precisely defined and therefore differences in the implementation could
not be excluded. The second limitation was the assessment of the patients’ medication
adherence by the medication refill rate. Mehuys et al. reported that some patients had
adherence rates over 100% due to the stockpiling of medication. One of the strengths of this
study was the precisely defined inclusion and exclusion criteria to avoid inclusion of

inappropriate patients. (Deters et al. 2018, Mehuys et al. 2011)

One limitation and influencing factor in the study by Mourao et al. was the ability of control
group participants to access the laboratory results at baseline. This information about their
current glycemic control could have had a positive influence on the final results of the control
group patients. Positive factors of this RCT were the analyses of the impact of pharmacist
interventions on the current drug therapy and the number of (unresolved) DRPs. (Deters et al.

2018, Mourao et al. 2013)

A larger number of measurements were conducted in the study by Obarcanin et al. than in the
other studies. In addition to the HbA1c values, the FBG, blood glucose, and the number of
hypoglycemic episodes were assessed and documented by the pharmacists. This is a positive
factor because according to the current ISPAD or ADA guidelines, low glycemic variability is
an important factor in the delay and prevention of short-term and long-term diabetes-related
complications. Possible limitations of this study were the differences between the health care
systems in Germany and Bosnia-Herzegovina and that secondary parameters such as FBG,
blood glucose, and the number of light hypoglycemic episodes were recorded in the

intervention group only. (Deters et al. 2018, Obarcanin et al. 2015)
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3.5 Limitations

There were a few manageable limitations of this systematic review and meta-analysis. The
meta-analysis included data from several countries including Germany, the United States, and
Australia. Hence, there might be differences in the design of intervention or training programs
as a result of the level of education of pharmacists in different countries. According to the
corresponding authors of the included studies, the training was designed to ensure that the
pharmacists could carry out the intervention according to the study protocol and as
homogenously as possible. Thus, these differences should not have any marked influence on

the analysis of the intervention content.

The realization and duration of the PhC interventions of the six individual studies might have
varied because the PhC interventions included components such as individual goal setting and
review of blood glucose levels that depend on the patient’s personal situation and current
lifestyle circumstances. However, the study protocols included some directives for the conduct
of these components. Finally, the patient sample size in all studies was large; thus, the impact

of the varying duration of PhC interventions was negligible. (Deters et al. 2018)

To account for differences in the design of the studies, correlations were calculated between
different study design elements and the HbA1c values, for instance, the correlation between
the study duration and the reduction or increase in HbA1c. It was difficult to assess the efficacy
of each intervention separately. However, no general concordance was found, and therefore

we believe that this meta-analysis was conducted correctly and successfully.

Another limitation was the response rate of the corresponding authors; only six of 11 authors
answered the questionnaire and provided raw data. The other five studies had to be excluded

due to missing or incomplete data.
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3.6 Conclusion

The results of our systematic review and meta-analysis indicate that PhC provided by
community pharmacists has a positive impact and improves the glycemic control of diabetes
patients. From the six included RCTs, the meta-analytical mean difference in HbA1c values
was -0.66%, with a 95% CI of [-0.86%, —0.45%]. Any improvement in glycemic control is
beneficial for diabetes patients to avoid short- and long-term diabetes-related complications,
such as microvascular disease. (King et al. 1999) Therefore, community pharmacists should
offer PhC interventions for diabetes patients who have poor glycemic control. An
interdisciplinary team is needed to optimally carry out PhC interventions, and pharmacists

should become a compulsory part of the health care team of patients with diabetes.

The quantitative analysis of the intervention components revealed that components that were
patient-centered and interdisciplinary were the most effective. Notably, the four most effective
intervention components were sending feedback to the physician, setting individual goals with
the patient, analyzing the patient’'s medication, and analyzing the patient’s blood glucose

records.

The results of this analysis revealed that in future the main focus of PhC activities and
interventions for diabetes patients provided by community pharmacists should be
patient-centered and interdisciplinary. Further research is needed to evaluate the precise
effect of different training settings, components, and methods on the effectiveness of PhC
interventions. In addition, the practicability and feasibility of the four most effective PhC
components should be tested in practice, preferably in a standard community pharmacy
setting. It would be reasonable to conduct a small-scale, preliminary, and qualitative pilot study
to get a realistic estimate of the expected effect size and possible barriers to implementing the
main interventions in practice. The results from this preliminary study should serve as a basis

for further planning and calculations for larger hypothesis-testing studies.
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4 Chapter Three — Proof of concept study to demonstrate
the practicability of the four most effective
pharmaceutical care interventions during a patient
consult

Parts of this chapter have already been published. The author of this thesis, Maira Anna
Deters, was first author of this publication and made the following contributions to the
publication:

Deters MA, Obarcanin E, Schwender H, Laeer S. EMDIA Case Series — Effective Medication
Therapy Management (MTM) for Diabetes Type 2 Patients — A Proof of Concept Study.
Pharmacy 2021; 9(3):137. https://doi.org/10.3390/pharmacy9030137

(1) conceptualization was done with Prof. Dr. Stephanie Laer, (2) methodology with Dr. Emina
Obarcanin and Prof. Dr. Stephanie Laer, (3) formal analysis with Prof. Dr. Holger Schwender
(four eye principle), (4) investigation with Dr. Emina Obarcanin, (5) original draft preparation

and (6) project administration.

4.1 Background

The systematic review and meta-analysis suggested that PhC interventions provided by
community pharmacists can have a significant positive effect on the glycemic control of
patients with TIDM and T2DM. Quantitative analysis of the PhC intervention components
revealed that some were more effective than others. To the best of our knowledge, no study
has yet investigated whether the four components we identified (individual goal setting,
sending feedback and recommendations to the physician, conducting a medication review
including DRP identification, and reviewing the patient’s current blood glucose measurements)
are effective in combination. Most studies have combined many more than these four PhC

components, and the included elements have varied widely. (Deters et al. 2018)

Many studies have investigated whether German pharmacists can perform medication reviews
and identify DRPs in a community pharmacy setting. Bitter et al. examined the effect of a
medication review program by community pharmacists in 12 German pharmacies. (Bitter et al.
2019) Rose et al. investigated whether pharmacists could identify and prioritize eligible patients
for a medication review and whether they could identify evidence-based criteria for patient
selection. The prescriber’s implementation of the received recommendations and the factors
influencing this were also evaluated. (Rose et al. 2016) Data from the ATHINA project in
Germany (AKNR 2021) indicated that community pharmacists can, indeed, identify patients

who require further medication information and who would benefit from a medication review
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because they had potential or manifest DRPs. Pharmacist intervention reduced the occurrence
of DRPs from 56.0 + 22.7% to 28.9 £ 18.3%. (Seidling et al. 2017) However, there is still a lack
of knowledge on whether the aforementioned four components in combination are effective in

practice.

RCTs have a strictly controlled study setting and methodology and therefore high internal
validity; however, the generalizability of their results is limited compared to results from
real-world studies. (Saturni et al. 2014) Therefore, for a preliminary study that provides a
realistic initial assessment of the expected effect, hurdles, and optimization requirements, the
RCT is not appropriate as a study type. Other types of studies, such as case series, are better
suited to this endeavor. The aim of this chapter was to get a realistic assessment of the effect
and practicability of carrying out the four selected PhC components in a community pharmacy
setting in practice, as a basis for further studies. This was accomplished by testing the feasibility
of this structured additional PhC in a community pharmacy setting over a period of

approximately 4 months.
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4.2 Methods

4.2.1 Objective

The primary objective of this qualitative case series was to formulate a hypothesis about the
feasibility of implementing the four PhC components. The case series included ten diabetes
patients and was conducted in a community pharmacy setting. The practicability and feasibility
of implementing the four PhC components identified in the meta-analysis should be verified.
The implementation of these selected PhC components had to be conducted within a
reasonable timeframe (60 minutes). The following four PhC components were implemented:

e medication review

¢ individual goal setting

¢ sending feedback to the physician

¢ reviewing blood glucose measurements

The secondary objective of this case series was to formulate a hypothesis about the
effectiveness of implementing these four components in a community pharmacy setting within
60-minute patient visits on the following parameters:

e glycemic control measured by the HbA1c value and FBG level

e number of DRPs according to PCNE

¢ medication appropriateness index (MAI)

¢ well-being index measured by the WHO-5 questionnaire

4.2.2 Trial design and participants

The case series was a small-scale, preliminary, and qualitative pilot study with ten diabetes
patients to formulate a realistic first estimation of the expected effect and possible hurdles of
implementing the main intervention. The results from this case series will serve as a basis for
further planning and calculations, such as case number analysis and later implementation of
further hypothesis-testing studies. Therefore, there was no calculation of sample size for this
case series. The number of patients to be recruited was set a priori at 10, so that the number
of patients would be sufficient for statistical analyses. We included 10 patients who had a
confirmed diagnosis of diabetes mellitus, were older than 12 years, signed the informed
consent form, had an HbA1c value above 7.5%, had at least four chronic diseases, had to take
medications at least 12 times daily, or had potential or manifest DRPs. The inclusion criteria

were selected according to the current ADA guidelines and the German
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Bundesapothekerkammer medication analysis guideline for quality assurance. (ADA 2020,
BAK 2018) The patient data were analyzed per protocol; therefore, patients were excluded if
they withdrew their informed consent or did not complete all four patient visits. Analyzing the
data per protocol can confound the results. Per protocol analysis was undertaken anyway to
ensure a sufficient amount of patient data. All patients were recruited and enrolled in one

German community pharmacy in North Rhine Westphalia with face-to-face patient interviews.

The procedure for patient recruitment was as follows: a pharmaceutical technical assistant
(PTA) or pharmacist approached the following patients:
e Patients who filled a prescription for insulin, OADs, or other supplies needed for
diabetes therapy
e Patients who had a (pharmaceutical) question about an insulin, OAD, or other supplies
needed for diabetes therapy
e Patients with T1DM or T2DM as a diagnosis who voiced acute DRPs during the
consultation in the pharmacy
As a next step, patients were asked if they had a confirmed diagnosis of diabetes mellitus and
were older than 12 years, if they had a current HbA1c value above 7.5%, had at least four
chronic diseases, had to intake medications at least 12 times daily, or had potential or manifest

DRPs. Only eligible patients received the informed consent form.

This study was approved by the ethics committee of Heinrich Heine University (ethical approval
code: 2018-325-ProspDEuUA, approval date: 25.03.2019) and was given the name EMDIA

(Effective Medication therapy management for DIAbetes patients).

4.2.3 Intervention design

After signing the informed consent, | recorded the medication history, collected relevant patient
data, such as HbA1c, FBG levels, and current medication, and reviewed the blood glucose
recordings, where available, at baseline (see Figure 13). The patients brought their
self-recorded data, blood glucose measurements, and medication history to each visit. The
blood glucose data were recorded by SMBG. Afterward, 2 to 4 weeks after the first patient visit
at baseline, the pharmacist informed the patients about potential DRPs related to their
medication and set individual goals with the patient. If deemed necessary, the pharmacist sent
feedback to the physician directly or indirectly (via the patient). Any conversations with the
physicians or other health care professionals were documented in an additional form, and the

dates were also saved in a checklist (see Appendix X 11 and 12). The pharmacist gave the
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patient information about the current medication and checked the patient's medication
knowledge if needed. The first and second follow-up visits were conducted approximately two
and three months after baseline to check whether the individual goals were achieved. In those
follow-up visits we collected all relevant data such as HbA1c, FBG levels, and current
medication. The WHO-5 well-being index was completed at baseline and at the fourth visit. If
deemed necessary, the pharmacist sent repeated feedback to the physician. All interviews,
medication reviews, analysis of patient data, and correspondence with the physicians were
provided by one pharmacist who was trained in the performance of medication reviews and
MTM. For this case series, the definition of the German Pharmacy Operation Regulations
(ApBetrO) for MTM and medication reviews was used. MTM is a pharmaceutical activity in
which the patient's entire medication—including self-medication—is repeatedly analyzed to
improve drug therapy safety and compliance by identifying and resolving DRPs. The PCNE for
medication reviews defines the medication review as a structured evaluation of a patient's
medicines to optimize medicine use and improve health outcomes. This entails detecting DRPs
and recommending interventions. (Griese-Mammen et al. 2018) The medication review is a
central component of MTM and, if provided separately from MTM, the medication is only
analyzed once. Patient data were documented according to the SOAP (subjective patient
information, objective data, assessment of the data, and plan) note. (Wright et al. 2014) The
individual goals were mutually set with the patient according to the SMART criteria (specific,

measurable, attainable, realistic, and time-based).
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‘ Baseline 1%t patient visit - anamnesis / compellation of patient data

Medication — DRPs * and MAI
HbA1_and blood glucose levels
WHO-5 well-being index
Duration of patient visit

If necessary, send feedback to the physician « Medication analysis

2nd patient visit - communication of the results /
give information about current DRPs and set individual goals

Duration of patient visit
3rd patient visit - first follow-up / compellation of patient data

Medication — DRPs * and MAI T
HbA1_and blood glucose levels
Duration of patient visit

after approx. 1 month ‘

after approx. 2 months

monitor target achievement, give information about current DRPs
and set (new) individual goals

If necessary, send feedback to the physician ‘

|

4th patient visit - second follow-up/ compellation of patient data

after approx. 3 months ‘ Medication — DRPs * and MAI t
HbA1,and blocd glucose levels
WHO-5 well-being Index
Duration of patient visit

monitor target achievement, give information about current DRPs
and set (new) individual goals

If necessary, send feedback to the physician ‘

*DRPs: drug-related problems
1 MAI: medication appropriateness index

Figure 13 The design and chronological sequence of the EMDIA case series

4.2.4 Outcomes

The primary objective of the case series was to formulate a hypothesis on the feasibility of
implementing the four PhC components mentioned above. Therefore, the duration of each
patient visit was documented. A limit of 60 minutes per patient visit was set as realistic. In
addition, the total time of each patient interview was recorded and documented. The secondary
objective of the case series was to formulate a hypothesis on the effectiveness of implementing
the four components in everyday practice. To develop a hypothesis about the effectiveness
and successful implementation of the medication review, we identified and classified the
current DRPs, according to the PCNE. (PCNE 2019a) The PCNE classification differentiates
between existing (manifest) and potential DRPs. The outcomes of the interventions to solve
DRPs are classified as: 1) unsolved—DRP is still completely existing, 2) partially solved—parts
of the DRP are solved, 3) solved—the DRP no longer exists, or 4) DRPs with an unknown result,
for example, if required laboratory values are not yet available. The MAI was determined
according to Hanlon et al. and Samsa et al. (Hanlon et al. 1992, Samsa et al. 1994) If deemed
necessary, the physician received the results of the medication reviews and relevant feedback.

To evaluate the benefit of reviewing patients' blood glucose measurements, the patients'
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current glycemic control, measured by HbA1c and FBG, was recorded by the pharmacist in
the developed EMDIA-CRFs (see Appendix X 11). Mutually set individual goals can have a
significant impact on the four PhC components and can influence patients' well-being. Hence,
the well-being index was determined by using a German translation of the WHO-5
questionnaire (see Appendix X 7). (Petrak 2018) Patient data were analyzed by two
pharmacists and the results of each medication review were discussed between them. The

transmission of all data and the results were checked using the four-eye principle.

4.2.5 Statistical analysis

To formulate a hypothesis regarding the effect of this structured MTM on the different
endpoints, average values and SDs of the data of all patient visits were compared before and
after the intervention. Missing values were marked as not available (n.a.). To test whether the
data was normally distributed, the Shapiro-Wilk test was used. The Wilcoxon signed-rank test
was used to assess statistical significance between the different patient visits of these non-
normally distributed values. This test is applicable even when the sample size is small. A
significance level of a 0.05 was chosen a priori. All statistical analyses were performed using
Microsoft Excel for Mac 2019 version 16.29.1 and RStudio for Mac version 1.4.1717. (R-
Foundation 2022)
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4.3 Results

4.3.1 Summary of relevant patient data

All of the included patients (four female and six male) had a confirmed diagnosis of T2DM.
One patient was included in the case series because of an HbA1c value greater than 7.5%.
Other patients had potential DRPs, such as strong daytime tiredness, hyperhidrosis, edema,
or neuropathic pain. On average, patients were 70.70 + 11.71 years old and, at baseline, had
6.0 + 2.0 different disease states, including T2DM. The most common disease states at
baseline were hypertension (n = 9), hyperlipidemia (n = 7), and chronic pain (n = 5). According
to the patients' statements, two patients had neuropathy and diabetic foot syndrome, and one
patient had diabetic retinopathy. The average HbA1c value decreased slightly from
7.04 £ 0.90% at baseline to 7.00 + 0.61% at the end of the case series (see Table 19). A larger,
non-significant reduction was observed in the FBG levels during the case series—from
141.86 + 32.03 mg/dL to 119.63 + 18.95 mg/dL—while the number of unsolved DRPs was
reduced significantly from 6.90 + 2.60 at baseline to 1.89 + 1.90 at the second follow-up
(p < 0.003). The patients' MAI values varied between 0 and 38 at baseline, with an average
value of 19.1 £+ 13.24. The index average decreased to 6.40 + 8.88 by the end of the case
series (p = 0.007). The average WHO-5 well-being index of all included patients increased
from 17.10 £ 6.62 to 20.40 + 5.83 points over the course of the study.
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Table 19 Overview of relevant data and study endpoints (Deters et al. 2021)

1% Patient 2" patient 3 Patient 4" Patient
Relevant data and . . Visit: results of Visit: Visit:
. Visit: . . .
study endpoints . medication First Second
Anamnesis .
analysis Follow-up Follow-up
Medication
Number of 1050 + 375 no 1100 + 437 1090 + 407
medications per ~ =~ ~
. n=10 measurement n=10 n=10
patient
+ * + *
Unsolved DRPs' per 6.90 + 260 no 230 - 211 1.89 ~ 1.90
. - p-value: <0.003 p-value: <0.003
patient n=10 measurement _ _
n=10 n=10
Solved DRPs! none no 3'80 t 199 S'ZD t 245
measurement n=10 n=10
Partially solved DRPs'  none no 1"_15 t 216 1'§0 * 230
measurement n=10 n=10
DRPs' with unknown no 09 + 128 100 = 141
1 none - -
result measurement n=10 n=10
1020 £+ 9.80* 640 + 8.88*
Average MAI? 19_'1 01324 no p-value: 0.007 p-value: 0.007
n=10 measurement _ _
n=10 n=10
Glycemic control
690 £+ 056 7.00 = 0.61
HbA1c value?® [%] 7'94 £0.90 no p-value: 050 p-value: 0.78
n=9 measurement
n=9 n=9
Fasting blood glucose ~ 141.86 + 32.03  no 147.29 £ 31.76  119.63 * 18.95
_ p-value: 085 p-value: 0.05
[mg/di] n=7 measurement _ _
n=7 n=8
Other relevant measurements
Average WHO-5 well- 17.10 £ 6.62 no no 20.40 i_ 5.83
. _ p-value: 0.02
being index n=10 measurement measurement n=10
Duration of patient 4870 + 883 2380 + 934 3050 = 1019 2790 + 957
visit n=10 n=10 n=10 n=10

Mean values * standard deviation

n: number of analyzed patients
*significant p-values (p <0.05)

1 DRP: drug-related problems classified according to the PCNE classification
2MAI: medication appropriateness index
3HbA1c value: glycated hemoglobin
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4.3.2 Primary objective — feasibility of implementing four effective
pharmaceutical care components

Time expenditure for implementing the four selected pharmaceutical care components
in practice

The primary objective of this proof-of-concept case series was to evaluate whether the four
PhC components could be implemented with a reasonable timeframe in practice. Each patient
visit should not be longer than 60 minutes. The first, baseline, visit that included taking the
patients' medication history was the longest, with a mean duration of 48.70 minutes. The
duration of the visits varied from 14-60 minutes depending on the number of medications, the
number of diseases, frequency of blood glucose measurements, and potential DRPs. The
average durations of the first and second follow-up visits were 30.50 + 10.19 minutes and
27.9 + 9.57 minutes, respectively. The second patient visit had the shortest duration; this visit
was used to inform the patient about the current status of (potential) DRPs and to set individual
goals (see Table 19). All patients showed up for all four patient visits and no patients dropped

out.

Implementation of the four selected pharmaceutical care components in practice

The pharmacists recorded each patient’s medication history, collected all relevant patient data,
and reviewed the blood glucose records in seven cases; three of the patients either had no
diabetes record book or did not measure their blood glucose levels at the first patient visit. For
nine patients, the medication analysis was a type 3 medication analysis; according to
Bundesvereinigung deutscher Apothekerverbande e.V. (ABDA), a type 3 medication analysis
includes a screening of the medication file or history, analysis of the current medication usage
during the patient consultation, and a consideration of available clinical data such as laboratory
data or the current diagnosis. Because of missing clinical and laboratory data, for one case the
conducted medication analysis was type 2a according to the ABDA. A type 2a medication
analysis includes a review of the medication file or history and an analysis of the current
medication during the patient consultation. (ABDA 2014) At the second visit, the patients were
informed about potential or manifest DRPs related to their current medication, and individual
goals were set. If deemed necessary, the physician was directly contacted by the pharmacist,
or the physician indirectly received feedback through the patient. In six cases the physician
needed to be contacted directly, primarily via telefax and afterwards via a telephone call, in
which all DRPs and relevant information were discussed. The pharmacist also gave the patients
information about their current medication and checked, if deemed necessary, the patients’

medication knowledge. Both of the follow-up visits (third and fourth visit) were used to check
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whether the set goals were achieved and again, if necessary, the pharmacist sent feedback to

the physician and analyzed the medication and blood glucose records.

4.3.3 Secondary objective — effects of the four effective pharmaceutical care
components on relevant parameters

The secondary objective of this case series was to formulate a hypothesis about the
effectiveness of implementing these four components in everyday practice. To formulate a
hypothesis about the effectiveness and successful implementation of the medication review,
the current DRPs were identified and classified, and the MAI was determined. At the beginning
of the study, 6.90 + 2.60 manifest or potential unsolved DRPs were identified per patient. The
most common problems were adverse drug events (24 potential and 7 manifest) and a
non-optimal effect of drug treatment (11 potential and 12 manifest). The distribution of all DRPs
is shown in Figure 14. After the final patient visit, approximately 45% of all DRPs were solved
and 20% were partially solved. For approximately 10% of DRPs, information on their resolution

was not yet available.
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Classification of drug-related problems according to PCNE

DRPs: drug-related problems

PCNE: pharmaceutical care network Europe

m: manifest

p: potential

P 1.2 Effect of drug treatment not optimal

P 1.3 Untreated symptoms or indication

P 2.1 Adverse drug event (possibly) occurring

P 3.2 Unnecessary drug treatment

P 3.3 Unclear problem/complaint. Further clarification necessary

Figure 14 Drug-related problems of the EMDIA-patients classified according to the
pharmaceutical care network Europe (Deters et al. 2021)
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Over the whole study period, each patient had an average of 8.2 + 3.4 DRPs; at the end of the
case series, approximately half of all potential and manifest DRPs were solved. Only 10% of all
insulin-related DRPs were solved at the second follow-up visit; most of the insulin-related DRPs
were only partially solved (see Table 20). 10% of insulin-related DRPs remained unsolved at
the end of the study. Due to pharmacist intervention, a high proportion of DRPs related to oral
antidiabetics were solved (62.5%). The highest rate of unsolved DRPs was associated with

residual medication, such as antihypertensives, with just 48.4% of these DRPs solved.

Table 20 Number of drug-related problems of the EMDIA-patients sorted by type of medication

Solved DRPs Partially Unsolved ?.ﬁ::::;t:
solved DRPs DRPs
result
OADs 05+07 01203 0.1+0.3 0.1+0.3
(62.5.0%) (12.5%) (12.5%) (12.5%)
Insulin 0.1+£0.3 06+1.1 0.1+0.3 02+06
(10%) (60%) (10%) (20%)
Residual medication 3.1+£19 11217 1.5+20 0.7+11
(48.4%) (17.2%) (23.4%) (10.9%)

Mean values * standard deviation
DRPs = drug-related problems classified according to PCNE
OADs = (oral) antidiabetics

In many cases, the patient had issues with suboptimal effects of OADs and/or insulin; mainly,
patients had elevated or fluctuating blood glucose levels. The most common DRP involving
non-antidiabetic medication was the (possible) occurrence of adverse drug events.
Hypoglycemia was the most frequent adverse drug event for OADs and insulin. The patients'
MAI values varied between 0 and 38 at baseline, with an average value of 19.1 £ 13.24. The
index average decreased significantly to 6.40 + 8.88 (p = 0.007) by the end of the case series.
Thus, the MAI of most patients was relatively low, which indicated that the medication was

appropriate.

To formulate a hypothesis about the benefit of reviewing patients’ blood glucose
measurements, the patients' current glycemic control, measured by HbA1c and FBG, was
recorded. Neither the HbA1c nor the FBG values changed significantly during the study. The
average HbA1c at baseline was 7.04 + 0.90%, and at the end of the case series was 7.00 %
0.61%. Only one patient had an HbA1c value that was above the recommended range of the
current guidelines (see Figure 15). There were no statistically significant changes to the
average HbA1c values over the study duration: 7.04% at baseline, 6.90% at the third patient

visit, and 7.00% at the fourth visit. Over the whole study period, only one patient did not have
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any HbA1c measurements. The FBG levels decreased more steeply than the HbA1c values—

from 141.86 * 32.03 mg/dL to 119.63 + 18.95 mg/dL during the case series.
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Figure 15 HbA1c values of the EMDIA patients

Although the HbA1c values of most patients were in the recommended target range at baseline
and during the study, many patients had FBG levels that were above the recommended range
of 100-125 mg/dL (at baseline: n=4). The average FBG level was 141 mg/dL at baseline and
and 120 mg/dL at the final follow-up visit. At the final follow-up visit, half of the patients had
FBG levels within the recommended target range (see Figure 16). This decrease in FBG levels
was induced by reviewing the patients’ blood glucose records. The review of patients SMBG
data revealed that three patients experienced recurrent non-severe hypoglycemic and
hyperglycemic episodes; one of these patients also had nocturnal hypoglycemia at baseline.
One patient was identified to have poorly controlled diabetes with constant hyperglycemia. The
pharmacist analyzed the patients’ blood glucose records and discussed potential problems
and current causes for fluctuation or hyperglycemia with the patient. Additionally, the patient
and pharmacist discussed individual optimization options that were achievable, appropriate,

and expedient for the patient.
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Figure 16 Fasting blood glucose levels of the EMDIA patients

Setting individual goals, sending feedback to the physician, and solving DRPs can impact a
patient’s well-being index. Throughout the study, the average WHO-5 well-being index
increased significantly from 17.10 £ 6.62 to 20.40 * 5.83 points (p = 0.02). At baseline, only
two patients had fewer than 13 points, indicating that these patients had untreated depression.
(Halliday et al. 2017, Rauwerda et al. 2018) One of these patients underwent professional
psychological treatment but had problems adhering to the prescribed antidepressant because
of its side effects. After changing the antidepressant drug, the WHO-5 well-being index for this
patient increased to 18. The other patient had a low well-being index score due to substantial
physical restrictions. The antihypertensive medication used by this patient caused deterioration
in their diagnosed sleep apnea and resulted in daytime sleepiness. Unfortunately, a change in
the antihypertensive medication had no positive effect on this patient's sleep apnea and

daytime sleepiness; therefore, their WHO-5 well-being index score remained less than 13.
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4.4 Discussion

4.4.1 Primary objective — feasibility of implementing four effective
pharmaceutical care components

Our case series provides a proof of concept that the four most effective PhC components
identified in a 2016 meta-analysis (Deters et al. 2018) are feasible for implementation in
everyday pharmacy practice. The pharmacist in this study was able to: 1) conduct a medication
review including the identification of DRPs and determination of the MAI based on scientific
evidence (Hanlon et al. 1992, PCNE 2019a, Samsa et al. 1994), 2) set individual goals with
the patient according to the SMART criteria (Tichelaar et al. 2016), 3) send feedback to the
physician according to the SOAP note (Podder et al. 2020, Wright et al. 2014) using a
structured form, and 4) review blood glucose measurements, all within 60 minutes. Of course,
this hypothesis that it is feasible to conduct these four PhC components within 60 minute
patient visits could also be tested as part of a hypothesis-testing study.

The diagnosis of T2DM was confirmed for all of the included patients. According to the
Deutsche Diabetes Hilfe (DDH), 8.5 million people in Germany live with diabetes mellitus, 95%
of whom have T2DM; only 341,000 have a confirmed diagnosis of TIDM. (DDH 2022) The
surprising distribution of patients included in the EMDIA study may be due to the recruitment
process. Because only patients who filled a prescription for insulin, OADs, or other supplies
needed for diabetes therapy, or who had a (pharmaceutical) question about an insulin, OAD,
or other supplies needed for diabetes therapy, or who expressed acute DRPs during the
pharmacy consultation were asked to be included into the study and sign the informed consent
form. Therefore, only older, multimorbid T2DM patients with a greater number of medication
intakes were asked to participate.

Other qualitative studies (case reports or analysis of pharmacist's interviews) have evaluated
the use of a special tool for implementation or the general process of implementation of PhC
in practice (Feletto et al. 2012, Moullin et al. 2016, Silva et al. 2020) A study by Feletto et al.
investigated the use of a research-based change management tool in practice and its impact
on the implementation of PhC. Different influencing factors (external, internal, and individual)
and barriers to implementation were identified. External influencing external factors were, for
example, the need for professional support or the remuneration for providing the service.
Individual factors, such as motivation to implement this research-based management tool, were
also identified. (Feletto et al. 2012) In the German health care system, the provision of a
medication review or continuous MTM is not covered by health insurance. Therefore,
remuneration is a limiting factor, and the duration of all visits is a relevant influencing factor for

the implementation of PhC, especially medication reviews and MTM.
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The primary objective of the analysis by Moullin et al. was to investigate the process of
implementing PhC in Australian pharmacies in practice and assess relevant influencing
factors. This study identified five influences in the implementation process: direction and
impetus, internal communication, community fit, staffing, and support. Each of these can
positively or negatively influence several stages and activities (e.g., increased staff capacity
has a positive influence on the implementation). (Moullin et al. 2016) Staff capacity was a major
influencing factor: high capacity allowed the pharmacist to not be disturbed during the patient
visits, and both study pharmacists (one pharmacist had a PharmD) were trained in the
provision of MTM. Other influencing factors were also identified, such as the impetus of both
pharmacists, which had a positive impact on the implementation due to high personal interest

in the topic and research field.

Silva et al. identified principles and theories that drove the implementation of PhC in the
Brazilian public health system. (Silva et al. 2020) This study revealed the importance of
educational processes and suggested that we must pay attention to the current reality and
needs of the situation in each health system. This coincides with the influencing factors and
limitations that we identified, such as remuneration for PhC and training and education of the

study pharmacists.

The intervention design of this case series was chosen based on the findings of the systematic
literature research. (Deters et al. 2018) Previous RCTs implemented a variety of PhC
components and combinations thereof. (Jahangard-Rafsanjani et al. 2015, Krass et al. 2007,
Mourao et al. 2013, Obarcanin et al. 2015, Odegard et al. 2005). The pharmacist interventions
in these studies were performed monthly or every second month to explore the impact of PhC
on glycemic control in patients with diabetes mellitus. (Deters et al. 2018) Therefore, we chose
a time interval of monthly pharmacist interventions. A 1-month intervention interval is useful
for exploring the measurable impacts of PhC on glycemic control in diabetes patients. Finally,
our study's average duration of patient visits was similar to that reported in other studies.
(Kraemer et al. 2012, Krass et al. 2007)
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4.4.2 Secondary objective — effects of the four effective pharmaceutical care
components on drug-related problems, medication-appropriateness
index, glycemic control, and WHO-5 well-being index

Effect on the number of unsolved DRPs and MAI

In our case series, 6.90 + 2.60 DRPs were identified per patient at baseline. The WestGem
study was a German RCT that evaluated the effect of interprofessional MTM in an ambulatory
setting on different outcomes (including DRPs) and included 142 patients with other chronic
diseases. In that study, the average MAI was 29.21, and the number of identified DRPs per
patient was 6.98 at baseline, similar to our findings. (Koberlein-Neu et al. 2016) The RCT
conducted by Fornos et al., which included only patients with diabetes mellitus, identified 2.7
DRPs per patient at baseline, of which nearly 60% were solved (1.7 unsolved DRPs at study
end per patient). (Fornos et al. 2006) In our study, approximately 45% of all DRPs were solved,
and 20% were partially solved by the final patient visit; the number of unsolved DRPs was
reduced from 6.90 + 2.60 at baseline to 1.89 * 1.90 at the second follow-up. Interestingly, in
our case series, insulin-related DRPs had the lowest rate of solution. This suggests that the
adjustment of insulin therapy is particularly challenging for health care providers and patients.
There are many possible reasons for this low rate of solved insulin-related DRPs in T2DM
patients. Therefore, future studies should measure the percentage of resolved insulin-related
DRPs and possible interactions, such as lack of adequate practical training beforehand, over a

more extended period.

Many other studies that examined the effect of PhC on glycemic control for patients with
diabetes mellitus included a medication review. However, none of these used the PCNE
classification system for DRPs. (Jahangard-Rafsanjani et al. 2015, Krass et al. 2007, Mourao et
al. 2013, Obarcanin et al. 2015, Odegard et al. 2005) In our study, DRPs were classified
according to the current PCNE classification (version 8.03). (PCNE 2019a) This is a hierarchical
DRP classification system, and was chosen because it is based on clear definitions according
to van Mil et al. (van Mil et al. 2004). The validation of the DRP classification system has been
published. In addition, pharmacist interventions were classified, which is not the case with many
other classifications. The identified DRPs and the determined MAI depend on characteristics
of the patient population such as the number of diseases and the types of medications used,
as well as the DRP classification system. Therefore, it is difficult to compare our results

regarding the number of solved and unsolved DRPs to those from other studies.
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Effect of the four pharmaceutical care components on HbA1c and FBG values

The low HbA1c values at baseline (average 7.04%) and the short study duration (4 months)
made it challenging to generate a hypothesis as to whether these four components, especially
review of patient blood glucose measurements, can improve glycemic control, as measured
by a reduction in HbA1c values and/or FBG levels. Previous RCTs of T2DM patients with higher
baseline values have detected considerable reductions in HbA1c by the end of the study, for
example, Krass et al. reported a reduction of —1.0% (95% CI: [-0.8%, 1.3%]) and Doucette et
al. a reduction of —0.27 + 1.11%. (Doucette et al. 2009, Krass et al. 2007) In the current study,
the FBG levels decreased from an average of 141.86 + 32.03 mg/dL at baseline to 119.63
18.95 mg/dL at the end of the study. In the DIADEMA study (RCT with adolescent T1DM
patients), the HbA1c values decreased from 9.4% to 8.9%, and the FBG levels decreased from
218 £ 67 mg/dL to 200 + 69 mg/dL in the intervention group. (Deters et al. 2016, Obarcanin et
al. 2015) A lower FBG level reduces the risk of developing atherosclerotic CVD, even in non-
diabetic patients. On the other hand, impaired or diabetic FBG levels increase the risk for CVD

and associated complications. (Lee et al. 2018, Park et al. 2013)

The ADA recommends that nonpregnant adults have an HbA1c value < 7.0%. (ADA 2020) In
our case series, 50% of the patients were already within this target range at baseline. However,
nearly all patients had problems with their diabetes medication and/or fluctuating blood glucose
levels. Recent research has pointed out the limitation of the HbA1c value in that it only provides
the average blood glucose level over the past 2—3 months, but does not indicate the patient's
glucose variability (reoccurring hypoglycemia or hyperglycemia). (Danne et al. 2017) A new
additional measure of glycemic control is the TIR which assesses in most cases the percentage
of time within the target or less frequently used the hypoglycemic range and, therefore,
provides a measure of the patient's glucose variability. (Danne et al. 2019) Glucose variability
can identify the deterioration of glycemic control more accurately than the HbA1c test can,
thereby reducing the risk for developing diabetes-related microvascular complications.
(Sartore et al. 2012, Smith-Palmer et al. 2014, Soupal et al. 2014) TIR is usually applied in
continuous CGMS, indicated in Germany only for patients with T1DM or T2DM on ICT or CSl|
at risk of severe hypoglycemia. (Heinemann et al. 2020) Hence, none of our study patients
used a CGMS. Therefore, we only used HbA1c to assess blood glucose control. However, we
are aware that if the assessment of HbA1c values is used in combination with CGMS data, a
more accurate depiction of both acute and chronic glycemic control can be obtained. (Wright
et al. 2020) Consequently, further research is warranted to document and evaluate patient
glucose variability by measuring the TIR. However, our case series suggests that even patients
with an "optimal glycemic control" measured by HbA1c values can benefit from additional PhC

provided by a community pharmacist. Therefore, we suggest examining this concept in a larger
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study (RCT, cohort, or case-control study) with a longer study duration of 6 or 12 months,
including TIR as measured value. The inclusion criteria should also be adjusted: patients with
HbA1c values above 7.5% and/or fluctuating blood glucose levels or at risk for severe

hypoglycemia should be included in the study.

Effect of the four pharmaceutical care components on the well-being index

Our case series showed that the WHO-5 well-being index could easily be used within the
timeframe of 60 min due to the short amount of time required to answer the five questions. In
this case series, the index was used as a tool to assess the emotional well-being of the included
patients. This brief questionnaire can be used as a quick, first-pass screening for depressive
symptoms. The Diabetes MILES study supported a cutoff of <13 points to identify depression
in patients with diabetes mellitus regardless of the diabetes type or treatment. (Halliday et al.
2017, Rauwerda et al. 2018) Of course, other questionnaires, such as the Short Form 36 (SF-
36), that assess the current health status of the patient might be more sensitive, but these more
extensive questionnaires require more time to answer. Hence, we decided to use the WHO-5
well-being index to allow the collection and documentation of patient data in everyday

pharmacy practice.
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4.5 Limitations

There are limitations to this case series, including the low patient number, low HbA1c values
at baseline (average 7.04%), and the short study duration (4 months). Although it is common
for case series to have a small study population, the low HbA1c values at baseline made it
difficult to generate conclusions regarding the effect of this structured PhC on the HbA1c or
FBG values in this patient population. Other conclusions could be made because of the large
effects, such the number of unresolved DRPs at study end and the decreased MAI. For
consistency in patient recruitment, all patients were recruited at a single pharmacy. This
pharmacy was located in Oberhausen (Germany), and all included patients were regular
customers of this pharmacy. The pharmacy personnel asked patients with potential DRPs

whether they wanted to participate in the study.

The PCNE classification chosen to determine DRPs has limitations. It is difficult to objectively
assess whether the DRP is totally resolved, partially resolved, or remains unresolved. Many
DRPs are subjective and difficult to measure objectively, such as daytime tiredness and
discomfort. The decision as to whether these DRPs were resolved or not was solely influenced
by the patient’s report. Nevertheless, the PCNE classification is better than other DRP
classification systems in many ways; for example, it has a hierarchical classification, the
validation of its components has been published, and the pharmacist interventions are
classified. Another limitation is that during this study a new, optimized version (9.0) of the PCNE
classification was published. (PCNE 2019b) Therefore, to avoid inconsistency, the former
version was used. (PCNE 2019a) The updated version of the PCNE classification added new

causes for DRPs, such as the patient being unable to understand instructions.

Personnel costs and time constraints on more extended patient care visits can be factors that
limit the implementation of MTM in regular community pharmacies. Regarding remuneration,
the duration of all visits is relevant, as the patient or health insurance should be able to
reimburse every minute of MTM or the total cost of the patient visit. Our results support the
hypothesis that the four PhC components that we identified can likely be implemented in
everyday pharmacy practice. This hypothesis might be challenged by an RCT in the future.
The professional qualifications of the pharmacist and the training they receive beforehand
could be important for the successful implementation of the four intervention components
within a 60-minute visit. Before and during the EMDIA case series, | attended the ATHINA
seminar on providing medication analysis and MTM in community pharmacies in February

2019 and received the ATHINA certificate. Some pharmacists have already taken part in
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training to provide medication analysis and MTM, such as the ATHINA project or the AMTS
project in North Rheine-Westphalia (Germany). Therefore, the qualification of the pharmacist

needs to be documented and considered in future research projects.
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4.6 Conclusion

As a preliminary proof-of-concept study of the four effective PhC components, this case series
allows us to formulate the hypothesis that these structured MTM elements can be implemented
in everyday pharmacy practice for T2DM patients. Our data suggest that they were feasible in

practice and can be implemented in patient consultations that last a maximum of 60 minutes.

We also hypothesize that the implementation of these four PhC components can improve
T2DM patients' number of unsolved DRPs, MAI, and WHO-5 well-being index scores. Further
research should be conducted to clarify the effect of these four components on HbA1c values
and TIR in diabetes patients in everyday pharmacy practice. Preferably, a study design should

be selected that can test our hypothesis.

Since the EMDIA case series served as a preliminary small-scale study for the planning of later
larger hypothesis-testing studies, it would be advisable to include devices such as mobile
diabetes applications, as a current state of the art. In recent decades, the use of digital health
products such as smartphone applications has rapidly developed. (Trawley et al. 2016) The
benefits of this digital revolution for human development are obvious and during the Covid-19
pandemic digital technology has proved indispensable for work, education, health care and
staying connected. (UNDP 2013, UNDP 2020) The WHO has recognized the increasing
importance of mHealth and published the guideline “recommendations on the implementation
of digital interventions for health systems”. (WHO 2019) Therefore, future research should
include whether mHealth applications (e.g., diabetes mobile applications) would support the
implementation of the four PhC components in practice and whether this technology would

improve the outcomes of patients with T1DM and T2DM.
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5 Chapter Four — Mobile health support for diabetes
mellitus type 1 and 2 patients to support pharmaceutical
care components in practice

5.1 Background

The EMDIA case series described in Chapter three was a small, preliminary, qualitative scale
pilot study with ten diabetes patients that provided a realistic initial assessment of the expected
impact and potential barriers to implementing the four effective PhC components in a realistic
setting. Results from the EMDIA case series will serve as a basis for planning of further
hypothesis-testing studies. (Deters et al. 2021) When planning this hypothesis-testing studies,
it should be considered that the use of digital health products such as smartphone applications
has evolved tremendously over the last decades. Health care providers and patients are
already using emerging technologies such as sensors (CGMS), insulin pumps, telemedicine
and mHealth applications to support both clinical and operational decisions. Combined with
human capacity, these technologies could ultimately make it possible for everyone to access
high-quality, consistent, affordable, timely and convenient care. (WEF 2019) The costs for the
use of such mHealth applications are covered by the German statutory health insurance for
approved products; since Germany was the first country to enact a law called “Digitale-
Gesundheits-anwendungen-Verordnung” (DIGAV), which regulates the criteria that mHealth
applications must meet in order to be covered by statutory health insurance. The German
government has adopted the “Hightech-Strategie 2025”, which focuses the funding of
research and innovation on people's needs such as in the area of "health and care". This
strategy paper states that digitization is one of the top priorities for preventive and personalized

medicine, which permeates all fields of medical research and health care. (BMBF 2021)

Looking at current research, many articles have described the development of digital diabetes
therapy and its potential to provide solutions to multiple unmet needs in the field of diabetes
disease prevention and for monitoring and preventing complications. (Cahn et al. 2018) A
recent literature review concluded that mHealth technology with added support from health
care professionals can result in improved outcomes in patients with T2DM. (Muralidharan et al.
2017) Another review and meta-analysis of studies involving T1DM patients revealed that the
use of mHealth led to reductions in HbA1c. (Wang et al. 2019) Many different opportunities are
offered by electronic health (eHealth) services, such as booking physician appointments online,
consultations with a health care professional (including pharmacists), support for decision-
making such as calculating bolus insulin, reminders for medication, and monitoring of health

data such as blood glucose levels. Some of these eHealth opportunities have stronger
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evidence than others owing to more robust research; one of those for which there is strong
evidence is support for decision-making. Further research in the other fields of eHealth is
urgently needed. (Car et al. 2017) The review by Kebede et al. analyzed the most popular
mHealth applications for diabetes patients. They found that most used diabetes mobile
applications were MySugr, Dexcom, One Drop Diabetes Management, Diabetes Connect, and
Diabetes:M. (Kebede et al. 2019)

Considering all these recent developments, it is of utmost to conduct a preliminary evaluation
of the use of mHealth diabetes applications from a community pharmacist’s perspective for the
use in pharmacy practice. This final chapter provides a descriptive assessment of the benefits
and limitations of using mHealth diabetes applications in implementing effective, optimized PhC

for diabetes patients in a community pharmacy setting.
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5.2 Methods

5.2.1 Objective

We aimed to investigate whether the mHealth application Diabetes:M can support the four
effective PhC components identified previously and therefore help to improve the outcomes of
optimized PhC interventions. In particular, we aimed to address the strengths and limitations
of the Diabetes:M application for PhC provided by community pharmacists and to make
recommendations for improving this application for practical use within the framework of future

studies or in daily community pharmacy practice.

5.2.2 Rationale for selection of the Diabetes:M as mobileHealth diabetes
application

The review by Kebede et al. analyzed the most popular mHealth applications for diabetes
patients. They found that the most commonly-used diabetes mobile applications were MySugr,
Dexcom, One Drop Diabetes Management, Diabetes Connect, and Diabetes:M. (Kebede et
al. 2019) Of these, MySugr, One Drop Diabetes Management, Diabetes Connect, and
Diabetes:M offer a variety of useful features, including a diabetes diary to document insulin
doses, blood glucose values, and other diabetes-related values, an insulin bolus calculator, a

nutrition database, and various ways in which the documented values can be evaluated.

The main rationale for selecting the Diabetes:M application is that it has clinician access in
addition to the common diabetes application features, and the bolus calculator includes active
insulin in the calculation. (SirmaMedicalSystems 2021) Active insulin is defined as insulin that
has been previously injected and is still active. And furthermore, the selection of Diabetes:M
as an application was also based on an earlier unpublished evaluation by Dr. Emina
Obarcanin. Dr. Emina Obarcanin evaluated the usefulness of the Diabetes:M application and
patient satisfaction by providing PhC using Diabetes:M for three patients with T1DM, aged 4
years, 14 years and 27 years over a period of one month. The Diabetes:M application provided
good and comprehensive PhC support for the patients, resulted in increased patient
satisfaction and improved diabetes management. All these aspects led to the selection of the

Diabetes:M application for this evaluation.

5.2.3 Selection of patients and procedure for entering and evaluating the data

To test the applicability and usability of the Diabetes:M application, clinical data of patients

from the EMDIA case series were used, such as HbA1c and blood glucose levels, insulin dose
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and medication intake, were retrospectively entered into the Diabetes:M application by the
author Maira Anna Deters. Patients were eligible if they received insulin therapy (n = 6) and
those who received OADs only were excluded directly (n=4). This inclusion criterion was
chosen because a larger number of SMBG data is needed to evaluate this application to its
full extent. Looking at current practice recommendations and guidelines for non-insulin
dependent patients with T2DM, these patients should only conduct SMBG if needed. It is
recommended that if the patient is taking medications that increase the risk of hypoglycemia,
SMBG should be performed at least twice a week. (Schliter et al. 2021) Nevertheless, two
measurements per week would not provide enough data for full-scale evaluation. Currently,
the main function of all available mHealth diabetes applications is to provide a diabetes book
in which data entered manually or transferred from a glucometer or CGMS are entered, as well
as insulin and medication tracking. Other features include the ability to import and export data,
and communication functions. (Goyal et al. 2013) Of the six eligible patients, two were
randomly selected by coin toss for this evaluation. For the evaluation, all patient data (e.g.,
blood glucose values for the last four months) were imported into the diabetes book of the
Diabetes:M application by the author of this dissertation, Maira Anna Deters. Missing
information and data were not imputed. None of our EMDIA patients used this Diabetes:M

application in daily life.

The criteria for evaluating the usefulness of the Diabetes:M application for PhC, in practice,
were developed based on an extensive literature review (Castensge-Seidenfaden et al. 2018,
Fredrick Debong 2019, Husted et al. 2018, Izahar et al. 2017, Oppong et al. 2021, Trawley et
al. 2016) and important aspects from the earlier unpublished evaluation by Dr. Emina
Obarcanin (Dr. Emina Obarcanin evaluated the usefulness of the Diabetes:M application and
patient satisfaction by providing PhC using Diabetes:M for three patients with T1DM, aged 4
years, 14 years and 27 years over a period of one month) and elective practical WS2019/20
"PharMobileDM Study - "smart" coaching by the pharmacist" (Supervisors: Dr. Emina
Obarcanin and Maira Anna Deters), which examined the various benefits and functions of the
Diabetes:M application in relation to the PhC of T1DM and T2DM patients. The following criteria
for evaluating the use of the Diabetes:M application were established:

e Time saving

¢ Data quality and clarity

e Data accessibility

¢ Online consultation possible. This is important nowadays due to the current pandemic

situation
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5.3 Results

5.3.1 Using Diabetes:M to document and analyze self-measurement of blood
glucose levels

Before the patients’ data can be imported from the blood glucose measurement system or
manually entered into the digital diabetes record book, the application requires patient

information such as body weight and current diabetes therapy (See Appendix X 14).

Comparing the functions of the digital diabetes diary with those of the classic analog diary,
there are several advantages in terms of reviewing and analyzing patients' SMBG data. The
main advantage of the Diabetes:M application over the other mHealth diabetes applications is
the clinician access, which allows the pharmacist to view the current available SMBG data of
the diabetes patients online in a time-saving way. The patient's data can also be easily
downloaded in the form of a PDF or Excel spreadsheet; this saves a lot of work. This clinician
access is only included in the premium version of Diabetes:M, for which a fee (ongoing

subscription: 8.99€ for three months) is charged.

The Diabetes:M application provides pie charts that show the proportion of the different blood
glucose values over a selected period of time (see Figure 17). These graphs make it easier for
the pharmacist to evaluate the daily, weekly or monthly blood glucose values and allow one to
identify specific problems in the diabetes management e.g. the occurrence of nocturnal
hypoglycemia or hyperglycemia after eating. Further graphics and diagrams from the
Diabetes:M application are listed in Appendix X 15. The ability to annotate and comment on

patient data directly in Diabetes:M is currently not available.

118



Chapter Four — Mobile health support for diabetes mellitus type 1 and 2 patients to support pharmaceutical care components in
practice

144.0 1 142

mg/dL mg/dL

Vor Frihstlck Vor Mittagessen Vor Abendessen Nacht

Figure 17 Diagram (exported from Diabetes:M) of blood glucose levels of the female patient case
with T2DM - overview of previously recorded 7 days classified into before breakfast, lunch, and
dinner, and nocturnal blood glucose levels

Another time-saving feature is the ability to create a graph showing the glucose variability of
the patient’s entered values for a selected time period (See Figure 18). This directly accessible
graphical overview of patient glucose variability is a feature that no analog diabetes record
book can provide. Among other things, this graph allows the pharmacist to directly identify

blood glucose fluctuations.
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Figure 18 Graph exported from Diabetes:M of blood glucose levels of the female patient case
with T2DM - overview of blood glucose variability of all self-measured blood glucose values of
the previous month
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5.3.2 Using Diabetes:M to support individual goal setting

The clinician access allows pharmacists to evaluate more easliy the current blood glucose
values and other relevant health data entered by the patient, such as important laboratory
values or lifestyle data. Thus, the Diabetes:M application is helpful in setting individual goals, in

monitoring compliance with these goals, and in the subsequent personal evaluation of the

goals.

Another useful feature is the activation of automatic repetitive or one-time reminders. These
reminders can help the patient to achieve the set goals, as they can be set individually for each
patient and can support the patient in implementing the therapy recommendations in everyday

life. Two examples of functional and useful reminders are shown in Figure 19.
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Aktives Insulin: 0.0 units
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Gesamtbolus: 12.0 units

11 Blutzucker ist oberhalb des Zielwertes. Wenn

Aktives Insulin: 3.17 units Michtest Du Erinnerungen fii
Bolustyp: Combo . el

Gesamtbolus: 7.0 units )
MNormal: 4.0 units (57%) er

Extenden Bo en ug

Verldngerter: 3.0 units (43%) Uber 3h maglich, die Mahlzeit erst 20 - 30 min nach der
split-to-x-additional -boluses Bolusgabe essen.
+1h 30m - 3.0 units Fiir Details antippen

Fiir Details antippen

\ Abbrechen m Kal:0.0; Fett:0.0; Kohlenhydrate:0.0; Prot:0.0;
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Figure 19 Screenshots of two different automatic reminders: 1) when the extended bolus
calculation is activated, and 2) warning when the current blood glucose level is above the target
value and the planned meal should be taken 20-30 minutes after insulin injection
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5.3.3 Using Diabetes:M to support working in an interdisciplinary team

Another important question is whether using the Diabetes:M application supports the
pharmacist to work in an interdisciplinary team (e.g., with diabetologists). The Diabetes:M
application offers some useful advantages for collaboration with other health care
professionals. Firstly, the clinician access can also be used by other health care professionals
allowing information about the patient to be accessed by all who require it. Secondly, the option
to export patient data in the form of a PDF, Excel file or as HTML code helps to provide data in
a clear and appealing form. An option to establish direct contact with other health care

professional or the patient, for example in the form of a chat function, is currently not available.

5.3.4 Diabetes:M limitations

The digital diabetes diary in the Diabetes:M application can also be used to enter the amount
of insulin injected and the medications taken, including details of the individual and daily doses.
However, there is functionality lacking that could support a medication analysis. Currently, it is
not possible to enter the indication of the medication, the exact time at which the medication
was taken, or the trade name and name of the active ingredient at the same time. A reminder
for taking medication is also not automatically created, which would be helpful and desirable
to support compliance and adherence. The overview of the drugs is currently still unclear, and
the listed drugs can neither be sorted by indication nor by time of intake. In addition, there is
no interaction check or medication analysis tool to analyze the medication in advance in a
targeted and time-effective manner. It is also not possible to read in the data of the so-called
national standardized medication plan “Bundeseinheitlicher Medikationsplan” via QR code or
to export the medication listed in the application in the correct form for this medication plan.
Therefore, the Diabetes:M application currently lacks functions that would support the time-
effective implementation of a medication analysis in practice. Another limitation of Diabetes:M
is the lack of a commentary or chat function to provide personalized feedback online in a time-

effective manner.
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5.4 Discussion

Many studies have revealed that mHealth can improve the glycemic control and adherence of
patients with diabetes mellitus. (Bonoto et al. 2017, Goyal et al. 2017, Hou et al. 2016, Kumar
et al. 2018, Yasmin et al. 2020) However, there are no studies which analyze the benefits of
using mHealth for the provision of PhC for diabetes patients. There is also, to our knowledge,
no published assessment or evaluation of the effort required when using a mobile diabetes

application collaboratively in an interdisciplinary team.

One pertinent problem identified by Goyal et al. is that many of the currently available mHealth
applications are not evidence-based and do not differentiate between the demands of T1DM
and T2DM patients. (Goyal et al. 2013) Many T2DM patients and multimorbid T1DM patients
would benefit from a periodic, iterated medication analysis. Hence, the comprehensive features
of diabetes mHealth applications should, in future, include essential features to support
medication analysis, such as an import function for the patient’s medication plans or a drug-
drug or drug-food interaction database. Greenwood et al. identified feedback as one of the four
key elements of mHealth for improved glycemic control; other key elements were
communication, patient-generated health data and education. (Greenwood et al. 2017) The
beforementioned lack of personalized feedback was also identified as a limitation in a study by
El-Gayar et al. (EI-Gayar et al. 2013)
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5.5 Limitations

There are some limitations of this descriptive evaluation. One is that it was based on only two
T2DM patient cases to analyze the practicability and potential benefits of this mHealth
application. However, this does not diminish the relevance and importance of these results. A
larger number of patient cases or a hypothesis-testing study design is needed to analyze in
detail the disadvantages and advantages of this Diabetes:M application in community

pharmacy practice.

One limitation is that my prior knowledge of the functions of this application may have given
rise to subjective perceptions and therefore subjective judgements of the advantages and
disadvantages of this application. Therefore, although the results and conclusion of this
evaluation are based on facts, they could be biased by my prior knowledge. Other pharmacists,
especially those who are older, who do not use smart phone applications in everyday life, may
have difficulties using this application and all its tools in a time-saving manner to provide PhC.
It would therefore be useful to make this evaluation on a larger scale including a larger number

of both diabetes patients and pharmacists.

Another limitation is that the criteria for evaluating the Diabetes:M application in terms of its
benefits and usefulness for implementing effective, optimized PhC for patients with T1DM and
T2DM, were made by me alone. For future studies, it would be useful to create a checklist for
this purpose using a Delphi process in which several experts and community pharmacists

participate.

To our knowledge, there are no systematic assessments of the Diabetes:M application (in its
current version) regarding its usability or its strengths and weaknesses for the four effective
PhC components: (1) individual goal setting, (2) sending feedback and recommendations to
the physician, (3) conducting a medication review including identification of DRPs, and (4)

reviewing blood glucose measurements.
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5.6 Conclusion

The features of the Diabetes:M application are particularly useful for analyzing blood glucose
values, individual goal setting with the patient, and interdisciplinary collaboration (clinician
access and graphical evaluation tools). However, there are also weaknesses from the
pharmacist’s perspective, currently the application lacks supporting functions to perform
medication analysis, especially for patients with multiple medications and has no direct

comment or chat function.

According to my analysis of the patient data and the current features of the Diabetes:M
application, it offers some supportive functions for the PhC of insulin-dependent patients with
T1DM or T2DM. The application is also suitable for insulin-dependent patients with T1DM or
T2DM to determine the correct insulin dose or gain a good overview of their current blood

glucose control.

Since the use of mHealth applications reimbursed by the healthcare system is already
established in Germany, but not yet widely used in daily practice, it is of great importance to
include mHealth in the planning of further hypothesis-testing studies and to expand research
in this area. In summary, these further studies should investigate whether mHealth can support
the implementation of the four PhC components in practice and whether its use would improve
patient outcomes. Therefore, a study with two arms (mHealth vs. analog diabetes record books)

would be useful.
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6 Summary overview of all chapters

6.1 Discussion

The DIADEMA study found that optimized PhC for adolescent T1DM patients was effective.
Several aspects of insulin therapy such as therapy self-management and acute diabetes
complications were addressed in patient consultations. More frequent SMBG and higher rates
of adjusted insulin injections resulted from the monthly pharmacist interventions. These
changes resulted in better adjusted insulin doses and improved glycemic control. Better
adherence to individual insulin therapy targets and the personalized nutrition plan led to lower
FBG levels without an increase in mild and severe hypoglycemic episodes. (Abraham et al.
2018) Reduced FBG levels, as seen in the DIADEMA intervention group, decreases the
probability of developing atherosclerotic CVD. (Park et al. 2013)

The evaluation of the DIADEMA study and the results of our systematic review and
meta-analysis came to the same conclusion — that PhC can improve diabetes patients’
glycemic control. Some commonalities were found when comparing our results to previous
studies, especially regarding the meta-analytical difference in HbA1c values. (Collins et al.
2011, Machado et al. 2007) Improved glycemic control can reduce the incidence of
diabetes-related complications, such as CV complications. The findings of the DIADEMA study
and the meta-analysis indicate that community pharmacists should become a compulsory part

of the health care team for diabetes patients. (Deters et al. 2016, Deters et al. 2018)

One important aspect of the DIADEMA study was the interdisciplinary work between
pharmacists, diabetologists, and diabetes educators. Other studies have found that including
a pharmacist in an interdisciplinary team significantly reduced hospital and pharmacy costs.
(Boyko et al. 1997, Haig et al. 1991) In the DIADEMA study, the pharmacist interventions were
patient-centered and interdisciplinary; the meta-analysis of the intervention components
revealed that the four most effective PhC elements were also patient-centered or
interdisciplinary: (1) sending feedback to the physician, (2) setting individual goals with the
patient, (3) analyzing blood glucose records, and (4) assessing the patient’s current medication
and identifying DRPs. None of the aforementioned reviews and meta-analyses included a
quantitative assessment of the effectiveness of each intervention component. Hughes et al.
described current insights into and future directions for the role of pharmacists in the

management of T2DM patients. A qualitative analysis was conducted to identify pertinent PhC
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components, such as medication review and working in an interdisciplinary team. (Hughes et

al. 2017)

Due to the small number of included studies and the large number of training elements, the
effect of the individual training components and content could not be statistically analyzed in
our meta-analysis. Further research is needed to assess the effect of different training elements
because the training of pharmacists and their level of education and professional knowledge

can influence and bias the effectiveness of pharmacist interventions.

The EMDIA case series was a small, preliminary, qualitative pilot study with ten diabetes
patients that provided a realistic initial assessment of the expected impact and potential
barriers to implementing the four effective PhC components in a realistic setting. Results from
the EMDIA case series will serve as a basis for planning of further hypothesis-testing studies.
(Deters et al. 2021) Previous RCTs have implemented a variety of PhC components and
combinations thereof. (Jahangard-Rafsanjani et al. 2015, Krass et al. 2007, Mourao et al. 2013,
Obarcanin et al. 2015, Odegard et al. 2005) Other qualitative studies (case reports or analysis
of pharmacist's interviews) have evaluated the use of a special tool such as a computer
program for implementation or the general process of implementation of PhC in practice.
(Feletto et al. 2012, Moullin et al. 2016, Silva et al. 2020) However, to date there is no study

which evaluated the effect of these four components in pharmacy practice.

Our findings from the EMDIA case series led to the conclusion that future studies should
measure the percentage of resolved insulin-related DRPs and possible interactions, such as
lack of adequate practical training beforehand, include TIR as a measured value, and run over
a more extended period. We also suggest examining this effective and optimized PhC in a
larger study (RCT, cohort, or case-control study) with an inclusion criteria of HbA1c values
above 7.5% and/or fluctuating blood glucose levels or risk for severe hypoglycemia.
Furthermore, the qualifications and prior knowledge or training of the pharmacist needs to be
documented and considered in further research projects, as well as the remuneration for

pharmacist interventions.

Recently, the use of digital health products such as smartphone applications has developed
tremendously, especially for diabetics. Many studies revealed that mHealth can improve the
glycemic control and adherence of patients with diabetes mellitus. (Bonoto et al. 2017, Goyal
et al. 2017, Hou et al. 2016, Kumar et al. 2018, Yasmin et al. 2020) However, there are no

studies which analyze the benefit of using mHealth for the provision of PhC for diabetes
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patients. There is also, to our knowledge, no published assessment or evaluation of the effort
required to use a mobile diabetes application in an interdisciplinary team. Many T2DM patients
and multimorbid T1DM patients would benefit from a periodic, iterated medication analysis.
Hence, diabetes mHealth applications should, in future, include features to support medication
analysis such as an import function for patient medication plans or a drug-drug or drug-food
interaction database. One of the limitations of Diabetes:M is the lack of a commentary or chat
function to provide personalized feedback online in a time-effective manner; the lack of
personalized feedback was also identified as a limitation in a study by El-Gayar et al. (El-Gayar

et al. 2013)
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6.2 Conclusion

Detailed analysis of the DIADEMA study revealed that PhC can improve the glycemic control
of adolescents with T1IDM. The reduced HbA1c values and improved glycemic control were
particularly related to decreased FBG values and improved adherence to diabetes therapy.
Furthermore, patients increased their frequency of SMBG and daily insulin injections to better
adjust their insulin therapy. Interdisciplinary work between diabetologists, pharmacists, and
diabetes educators was beneficial for the patients. Pharmacists can support and motivate
adolescents to take over self-management of their diabetes therapy and to transform current

guideline recommendations into feasible and reasonable actions.

The findings of our systematic review and meta-analysis indicate that community pharmacists
are able to improve the glycemic control of diabetes patients by conducting PhC. The
meta-analytical mean difference in HbA1c values was -0.66%, with a 95% CIl of
[-0.86%, —0.45%]. Quantitative analysis of the implemented intervention components revealed
that the following components were most effective: (1) sending feedback to the physician, (2)
setting individual goals with the patient, (3) analyzing the patient’s medication, and (4) analyzing
the patient’s blood glucose records. Evaluating the training that pharmacists received prior to
the intervention revealed that further research is needed to determine the precise effects of

different training elements.

As a preliminary, small-scale proof-of-concept study of the four effective PhC components, our
case series allows us to formulate the hypothesis that these structured MTM elements can be
implemented in everyday pharmacy practice for T2DM patients. We hypothesized that these
four PhC components were feasible in practice and can be implemented in patient
consultations that last a maximum of 60 minutes. We also hypothesized that the implementation
of these four PhC components can improve T2DM patients' number of unsolved DRPs, MAI,
and WHO-5 well-being index scores. Further research is required to clarify the effect of these
four components on glycemic control, especially on HbA1c values and TIR, in diabetes patients

in everyday pharmacy practice.

The descriptive evaluation of the Diabetes:M application revealed that it can help with the
analysis of patients’ SMBG values, setting individual goals with the patient, and interdisciplinary
collaboration. The current version of Diabetes:M is does not have sufficient capability to
support the conduction and documentation of medication reviews that include the identification
of DRPs. In conclusion, pharmacists who provide PhC to diabetes patients requiring insulin can

benefit significantly from the Diabetes:M application.
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Further research and hypothesis-testing studies are needed. These should implement mHealth
diabetes applications such as Diabetes:M and include their functions to improve the
implementation of effective and optimized PhC in practice. One pertinent goal is to assess
whether mHealth can support the implementation of the four PhC components and whether it
would improve patient outcomes. Therefore, a study with two arms (mHealth vs. analog

diabetes record books) would be preferable.
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6.3 Outlook

Many studies have demonstrated the increasing global burden of diabetes and the growing
need for effective antihyperglycemic drug treatments and non-drug lifestyle changes for both
T1DM and T2DM. Poor adherence to medication regimens is a common problem and can
contribute to the substantial worsening of diabetes. Poor glycemic control can lead to severe
acute and long-term diabetes complications and therefore it is essential to provide, in addition
to the current standard care, effective and optimized PhC for diabetes patients in community
pharmacies. The results of this thesis indicate that optimized, effective PhC provided by
community pharmacists can improve the glycemic control and diabetes self-management of
T1DM and T2DM patients. The main goal in future should be to provide the effective PhC
components described in this thesis, especially to patients with poor glycemic control (HbA1c
values >9% or those already suffering from diabetes complications). Further research is
required, especially hypothesis-testing studies, to test the in chapter three and four mentioned

intervention and trial design. A case—control, cohort, CT, or RCT would be suitable for this aim.

It is also important that pharmacists who want to provide this effective, optimized PhC should
be properly trained to effectively support diabetes self-management. In Germany, the
availability of certified courses for MTM and PhC for diabetes patients needs to be increased.
Training content should include the use of mHealth applications and modern, practical training
methods such as simulation training or objective structured clinical examinations (OSCEs).
These training methods are useful for learning the implementation of PhC in practice with real
or simulated patients in a realistic setting, because diabetes self-management includes many
practical aspects such as insulin injection techniques, calculation of carbohydrates, coping with
acute complications or conducting SMBG. In addition, further research is required to evaluate
the effect of different training components on the effectiveness and outcomes of pharmacist
interventions for diabetes patients. If possible, a study that includes pharmacists with and

without training should be undertaken.

These future studies should also test the capabilities and benefits of diabetes mHealth
applications. These offer many opportunities for implementing effective, optimized PhC for
diabetes patients with many diseases or medications. In addition, the development of different
versions of the Diabetes:M application that are especially adapted to the needs of diabetes
patients with and without insulin therapy would be beneficial for health care providers and
patients. It is also important that the use of mHealth is implemented promptly in every

community pharmacy that provides PhC for diabetes patients, as both pharmacists and
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patients benefit from the use of an mHealth diabetes application. Further research is needed

to identify the most useful and practical mHealth diabetes application.
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(1) Calculation of the insulin doses and guideline recommendations

Calculation of the amount of carbohydrates covered by one insulin dose — “500-rule” (Danne
et al. 2018):

500
daily insulin doses (basal + bolus) [IU]

= amount of carbohydrates [g] covered by

11U insulin

Calculation of correction doses for patients, which use rapid-acting insulin and measure blood
glucose levels in mg/dl — “1800-rule” (Danne et al. 2018):

1800
daily insulin doses (basal + bolus) [1U]

m
= reduction of blood glucose levels d_f] per

11U of rapid — acting insulin

Calculation of correction doses for patients, which use rapid-acting insulin and measure blood

glucose levels in mol/l — “100-rule” (Danne et al. 2018):

100
daily insulin doses (basal + bolus) [IU]

mol
= reduction of blood glucose levels [T] per

11U of rapid — acting insulin

Calculation of correction doses for patients, which use regular insulin and measure blood

glucose levels in mg/dl — “1500-rule” (Danne et al. 2018):

1500
daily insulin doses (basal + bolus) [IU]

m
= reduction of blood glucose levels d_f] per

11U of regular insulin

Calculation of correction doses for patients, which use regular insulin and measure blood

glucose levels in mol/l — “83-rule” (Danne et al. 2018):

83
daily insulin doses (basal + bolus) [IU]

mol
= reduction of blood glucose levels [T] per

11U of regular insulin
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(2) Figures: Different types of insulin therapy

lc-l- Regular or rapid-acting insulin
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— Peak of action
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Basal-supported oral therapy with basal insulin and oral antihyperglycemic treatment
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c S Regular, rapid-acting or ultra-rapid-acting
“ insulin such as insulin faster aspart
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Continuous subcutaneous insulin infusion — insulin pump therapy
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(3) Diabetes therapy for adolescents with type 2 diabetes mellitus

Few studies have examined the management of T2DM in the pediatric age group. The largest
clinical trial, Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY study),
showed that oral agent monotherapy does not maintain lasting glycemic control in
approximately 50% of patients with adolescent-onset T2DM, and that an HbA1c value >6.3%
in females and >5.6% in males after implementing initial metformin monotherapy predicts
glycemic deterioration. (TODAY-Studygroup 2013a) Thus, it is important to optimize treatment
using a combination of pharmacologic and non-pharmacologic interventions, with close
monitoring and follow-up. One important factor for effectively treating adolescents with T2DM
is that both the family and child should understand the medical implications of obesity and
T2DM. The health beliefs and behaviors of the child’s or adolescent’s family and community
are relevant to the design and implementation of an effective behavioral plan and to promote
long-term changes in eating behavior and physical activity. Support and counseling are need
from a multidisciplinary team that includes an endocrinologist, nurse educator, dietitian
(especially for obese patients), mental health professional, and sometimes an exercise
physiologist. Patients should receive detailed information regarding the durability of glycemic
control and the early emergence of complications. Smoking cessation and the negative effect
of alcohol on glycemic control should also be discussed with adolescent patients. (Zeitler et al.
2018)

Despite the results of the TODAY study, the initial drug treatment for children and adolescents
with T2DM according to the current ISPAD guidelines is metformin and/or insulin, alone or in
combination. Metformin in addition to lifestyle changes is selected if the patient has no
symptoms of diabetes and the HbA1c value is <8.5%. Insulin therapy is required if the patient
has symptoms such as ketoacidosis or an HbA1c value >8.5%; initially, most of these patients
are treated with basal insulin only. Treatment goals are, for example, to avoid diabetes
complications and to achieve or maintain glycemic control. The ISPAD guidelines recommend
that if glycemic control (HbA1c value <7.0%) cannot be achieved within 4 months of treatment

with metformin and basal insulin, prandial insulin should be added. (Zeitler et al. 2018)
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(4) Mode of action of non-insulin therapy options for patients with type 2 diabetes

mellitus

Mode of action of metformin (biguanide derivate)

Metformin inhibits mitochondrial complex 1 (NADH-ubiquinone oxidoreductase) of the
respiratory chain in the liver, leading to a reduced energy supply in favor of an increase in
anaerobic glycolysis due to a reduction in adenosine triphosphate (ATP) synthesis. In addition,
hepatic glucose release and liver gluconeogenesis are decreased. These changes lead to

increased glucose uptake in peripheral tissues, e.g., skeletal muscles and fat. (Mutschler 2020)

Mode of action of alpha-glucosidase inhibitors

Alpha-glucosidase inhibitors are not absorbed by the intestinal tract; in the upper parts of the
intestinal tract they inhibit the metabolism and absorption of carbohydrates from ingested food.
Hence, the blood glucose levels increase more slowly, and peak at a lower level. (Mutschler
2020) Today, therapy with alpha-glucosidase inhibitors (such as acarbose) is obsolete and not

recommended in the current American or German guidelines (see Figure 7).

Mode of action of sulfonylureas and glinides

Sulfonylureas and glinides are calcium channel blockers; by inhibiting these channels in the
beta cells of the pancreas, the cytosolic calcium concentration is increased. A higher cytosolic
calcium concentration in pancreatic beta cells leads to insulin secretion. Sulfonylureas and
glinides bind at different subunits of the calcium channel; hence, they differ in their onset of
action and efficacy. All glinides have a short duration of action and therefore a lower risk for
hypoglycemia compared to sulfonylureas. Sulfonylureas and glinides are only effective if the

T2DM patient has enough beta cells in the pancreas left to secrete sufficient insulin. (Mutschler
2020)

Mode of action of glucagon like peptide receptor agonists and dipeptidyl peptidase IV inhibitors
GLP-1 RAs stimulate insulin secretion and inhibit glucagon distribution by binding to the GLP-1
receptor in the intestinal tract. This leads to many positive effects for diabetes patients, such
as delayed emptying of the stomach and therefore a more rapid feeling of satiation. DPP-IV
inhibitors can inhibit cleavage of GLP-1 by DPP-IV. GLP-1 stimulates insulin secretion after
eating, and the activity of this hormone leads to a reduction of glucagon secretion in the

pancreatic alpha cells and increases insulin secretion in the beta cells. (Mutschler 2020)
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(5) Diagnosis and therapy of DKA and HHS

Biochemical criteria and clinical signs are used for DKA diagnosis. The biochemical criteria are
blood glucose levels above 200 mg/dL (hyperglycemia), venous pH <7.3, serum bicarbonate
<15 mmol/L, and ketones in the urine (ketonuria). Diabetes patients have the following clinical
signs during DKA: abdominal pain, acetone smell, blurred vision, confusion, deep sighing
respiration, dehydration, drowsiness, tachycardia, tachypnea, nausea, and occasionally

vomiting and decreased consciousness. In severe cases the patient can fall into coma.

DKA treatment depends on the symptoms; patients who are minimally dehydrated and who
can drink autonomously are given oral fluids and SC insulin injection. If this has no effect then
intravenous (IV) therapy is recommended, which is also used for patients with dehydration,
hyperventilation, and vomiting. At the beginning of treatment, 10 mL/kg body weight of 0.9%
saline is given IV over 1 hour, an electrocardiogram (ECG) is recommended and, if required,
potassium chloride is given. After 1 hour of fluid infusion, infusion doses of 0.05 to 0.1 insulin
units per kg bodyweight per hour are recommended, and hourly blood glucose readings are
taken. The neurological status of the patient and their fluid input and output are observed, and
ECG monitoring is implemented. Depending on the blood glucose levels, glucose is added into
the given fluids; to obtain the desired serum sodium concentration, additional sodium can also
be added to the 0.45% or 0.9% saline solution. If the patient’s status improves, the IV insulin
therapy is changed to SC injections of insulin at appropriate intervals. Patients who are in
shock, have reduced conscious, or are in coma need an airway tube and 100% oxygen for
breathing and 0.9% saline infusion (10 to 20 mL/kg bodyweight) for an additional 1-2 hours. If
there is no improvement or the patient (with milder symptoms initially) shows neurological
warning signs during treatment, then mannitol (0.5-1.0 g/kg bodyweight) and fluids are given
IV to maintain normal blood pressure (BP). Cranial imaging should also be considered.
(Wolfsdorf et al. 2018) The pathophysiological process of DKA development is shown in the

following figure.
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The development of DKA due to absolute insulin deficiency or insufficient insulin dose injected
during insulin therapy in TIDM patients modified according to Cryer et al (Cryer et al. 2003) and
Wolfsdorf et al (Wolfsdorf et al. 2006)

The current criteria for HHS diagnosis according to the ISPAD guidelines (Wolfsdorf et al. 2018)
include the following symptoms and signs:

¢ Plasma glucose concentration >600 mg/dL

¢ Arterial pH >7.30 and venous pH >7.25

e Serum bicarbonate >15 mmol/L

¢ Low ketonuria

« Effective serum osmolality >320 mOsm/kg

¢ In some cases, approximately 50% obtundation, combativeness, or seizures

Similar to the treatment of DKA, if the patient has HHS then fluid intake (oral or IV) and
eventually potassium hydrochloride substitution is required. The insulin sensitivity is an
important aspect that should be considered by giving insulin SC or IV; therefore, the guidelines
recommend less insulin (0.05 U/kg bodyweight per hour) compared to the treatment of DKA in
T1DM patients. (Haak et al. 2018, Wolfsdorf et al. 2018)
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(6) Recommended, relevant screening methods, therapeutic aims and important
additional information of long-term diabetes microvascular and macrovascular

complications modified according to ISPAD guidelines and DDG guidelines (Donaghue

et al. 2018, Hammes et al. 2019, Merker et al. 2019, Ziegler et al. 2019):

Screening methods

Risk factors

Important additional
information

Nephropathy

Screen for albuminuria
by measuring urinary
albumin/ creatinine
ratio

Determine eGFR at
least once per year or,
depending on the
current eGFR, every 3
to 6 months

Poor glycemic control

High BP or
hypertension

Smoking

Urarthritis

Extremely elevated

protein intake
Lipid abnormalities

Increased risk for
hypoglycemia (reduced
renal elimination of

insulin or oral
antidiabetic drugs -
increased half-life
period)

Dosage adjustments of
antidiabetic drugs or
other medications
pursuant to the patients’
renal clearance

Neuropathy and
diabetic foot

Patient medical or
medication history
Specific tests include
assessment of
sensation, vibration,
and reflexes in the feet
for peripheral
neuropathy
Measurement of heart
rate  variability to
screen for cardiac
autonomic neuropathy

Poor glycemic control
Long diabetes duration
Hypertension
Peripheral
disease
Diabetic  retinopathy
and nephropathy
Dyslipidemia

Higher body mass
index (BMI)

Genetics

vascular

Non-steroidal anti-
inflammatory drugs are
not indicated to treat
neuropathic pain due to
long-term  substance-
related renal and CV
risks

Hypoglycemia,

unawareness, or
extreme, unexplainable
plasma glucose

fluctuations can indicate
autonomic neuropathy

Retinopathy

Screening for diabetic
retinopathy includes an

examination  through
dilated  pupils via
mydriatic

ophthalmoscopy or
fundal photography

Poor glycemic control
Long diabetes duration
Hypertension
(Diabetic) Nephropathy
Hormonal changes,
eg., puberty or
pregnancy

Smoking (T1DM)
Higher BMI

Lipid abnormalities
Male sex

Early ophthalmic
therapy
Laser treatment and

intravitreal injections of
anti-VEGF agents
reduce the rate of visual
loss for individuals with
vision-threatening
stages of retinopathy

Management of
hypertension
Therapy intensification

with insulin (CSII, ICT)
and with GLP-1ras
should be accompanied
by careful consideration
of a deterioration in
retinopathy

BMI: body mass index, BP: blood pressure, CSll: continuous subcutaneous insulin infusion, CV: cardiovascular, GLP-1 Ras:
glucagon-like-peptide-1 receptor agonists, eGFR: estimated glomerular filtration rate, ICT: intensified conventional insulin therapy,
T1DM: type 1 diabetes mellitus
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(7) WHO-5 well-being index questionnaire:

INSTITUT fiir

Coaching - Prévention
Gesundheitsforderung

Prof. Dr.Frank Petrak

Name Datum:

WHO-5 Wohlfiihltest (WHO-Five Well-being index)

Waibhlen Sie zu jeder Aussage jeweils eine Antwort, die Ihrer Meinung nach am
besten beschreibt, wie Sie sich in den letzten 2 Wochen gefiihlt haben.

Etwas
Etwas mehr
In den letzten zwei Die ganze Cictens twas meh wenlges al e i
Wochen Zat alsdie Halfte | 40 zife Zeitpunkt
der Zelt der Zeit
... war ich froh und guter 5 A R R ) )
Laune
.. habe ich mich I'l{hlg und 5 A R R ) -
entspannt gefiihlt
.. habe ich n'_'m:h e_r_1erg|sch 5 A 3 R ) )
und aktiv gefiihlt
... habe ich mich beim
Aufwachen frisch und 5 4 3 2 1 0
ausgeruht gefiihlt
war_mem !_xllta_g voller 5 4 3 2 4 o
Dinge, die mich
interessieren

Erlduterung: Summenwert: 0 bezeichnet das schlechteste Befinden, 25 das beste.
Prozentwert (= Summenwert x 4): 0 bezeichnet das schlechteste Befinden, 100 das beste.

lhr Summenwert:

lhr Prozentwert :

Summenwert 25-13: Dieses Ergebnis spricht fiir ein gutes Wohlbefinden. lhre Lebensqualitat ist
momentan nicht beeintrachtigt.

Summenwert < 13 Punkte: Eine behandlungsbediirftige Uberlastung, ein Burnout oder eine Depression
kénnen nicht sicher ausgeschlossen werden. Geringe Wohlfiihlwerte rechtfertigen noch keine Diagnose.
Sie sind jedoch ein ausreichender Grund, eine gezielte Diagnostik durchfiihren zu lassen.

Hintergrund: Der WHO-5 Fragebogen zum Wohlbefinden wurde von der Weltgesundheitsorganisation
(WHO) entwickelt und hat seine Eigenschaften als hervorragendes Depressions-Screening weltweit in
einer Vielzahl wissenschaftlicher Studien belegt.

Quelle: Psychiatric Research Unit, WHO Collaborating Center for Mental Health, Frederiksborg General Hospital, DK-3400 Hillergd.
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(8) DIADEMA CRF

DOKUMENTATIONSBOGEN: Pharmazeutische Betreuung von
Jugendlichen mit Diabetes Mellitus Typ 1

DATUM: __ / /____ (TTMM.J]) BESUCH NR.

TEILNEHMERNUMMER :

| 1.PERSONENDATEN

PATIENT

Vorname

Nachname

Strasse Nr.
PLZ Ort

Geburtsdatum: _~ /_ /  (TT.MM.I])
E-Mail

Telefon:

ARZT

Vorname

Nachname

Strasse Nr.
PLZ Ort

E-Mail

Telefon:

APOTHEKE
Name der Apotheke

Name des Apothekers
Strasse Nr.
PLZ Ort

E-Mail

Telefon:

Ort des Interviews:

Anwesende Personen:

Einwilligungserkldrung unterzeichnet am: / _ (TT.MM.IJ)
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2. KLINISCHE INFORMATION

Geburtsdatum: __ /_ /  (TT.MM.ID)

Geschlecht: weiblich [0 méinnlich [

Diagnose Diabetes : Typ 1 O Typ 2 O Anderer Typ O

Datum der ersten Diagnose: /[

Grofe: _ cm Quartal, Jahr:
Gewicht: _ kg Quartal, Jahr:
BMI___ kg/m? Quartal, Jahr:
Letzter HbAle  Prozent Quartal, Jahr:
Blutdruck: _ / mmHg Quartal, Jahr:

Blutzuckerselbstmessung: ja [l nein [
Blutzuckertagebuch (schriftlich oder elektronisch): ja O nein [
Hiiufigkeit der Blutzuckermessung mal/Tag

Zeit der Blutzuckermessung: niichtern [ vor dem Essen [1 2 Stunden nach dem Essen [
Vor dem Schlafen [ in der Nacht [

Niichternglukose: mg/dl Quartal, Jahr

Bluglukose am Tag der Intervention mg/dl oder mmol/l

Hypoglykiimien im Letzten Monat: ja [l nein [

Anzahl der Hypoglykiimien* im letzten Monat: (Blutzuckertagebuch,
Memory-Speicher des Blutzuckermessgeriites)

*Ein BZ von 50mg/dl oder 2.8 mmol/l mit Hinweisen auf Hypoglykimische Anzeichen

Anzahl der schweren Hypoglykimien mit Fremdhilfe im letzten Monat:
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DKA im letzten Monat: ja [l nein [
Ketonmessung im Blut oder Urin wenn BG>250mg/dl: ja O nein [
Letzter Ketonwert: Datum:

Gesamtcholestero/HDL/LDL / / /mg/dl Quartal, Jahr:

Triglyceride mg/dl Quartal, Jahr:
Albumin: mg/1 oder mg/24h Quartal, Jahr:
Albumin:Kreatinin mg/g Quartal, Jahr:

Gibt es Hinweise auf eine Nierenfunktionsstérung? [ ja [ nein

Erhohte oder erniedrigte Labordaten in den letzten 3 Monaten (Quartal, Jahr):

Bekannte Arzneimittelallergien oder unerwiinschte Arzneimittelwirkungen:

Andere Diagnosen:

Andere Arzneimitteleinnahme:
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3.INSULIN ANWENDUNG:

Pumpe O Pen [0 Andere Methode [

Gesamttagesdosis Insulin: LE.
Gesamtdosis Langwirksames Insulin (Basal ): LE.
Gesamtdosis Schnellwirksames Insulin (Bolus): LE.

Insulinspritzen pro Tag:

Bolusdosen (Pumpe) pro Tag:

Verwendetes Insulin: NPH [ Levemir(] Lantus [ Novolog [ Humalog [ Novorapid O
Regular [1 Anderes

Adhiirenz mit Insulintherapie: [ ja [ nein

Probleme:

Griinde fiir die Non-Compliance :

Korrekte Applikation : [ ja [ nein
Nebenwirkungen der Insulintherapie: [ ja [l nein
Wenn ja bitte angeben:

Wechselwirkungen mit anderen Arzneimitteln: [ ja [I nein

Wenn ja bitte angeben:
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4. LIFESTYLE / ERNAHRUNG

RegelmiiBige Bewegung/Sport : Jall Nein[J
Anpassung des Insulins an die sportliche Aktivitiit : Jall Nein[J

Probleme:

Einhaltung der Erndhrungplans: : Jall Nein[]

Probleme:
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5.EINSCHATZUNG DES APOTHEKERS / INDIVIDUELLE ZIELE

6. PLAN BIS ZUM NACHSTEN BESUCH IN DER APOTHEKE

9.

Plan weitergeleitet an den zustiindigen Arzt: Jall Nein[l Datom: [/ _
/ (TT.MM.IT)

Unterschrift:

6
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7.EINHALTUNG DER DIABETISCHEN RICHTLINIEN ( ISPAD)

1.Ein individueller Plan zu Haufigkeit und Interventionsgrenzen
derBlutzuckermessung, Insulingaben (Modus, Zeit, Dosisberechnung),
Mahlzeitenfestlegung, Symptomen und Management bei Hypo- und Hyperglykamie
soll fur die Einrichtung (z. B. Schule) erstellt werden.

JJa ONein Quartal, Jahr:

2 Blutglukosemessung soll mindestens 4x téiglich erfolgen
[O0Ja ONein

3.Der angestrebte HbAlc soll < 7.5% ohne, daB schwerwiegende Hypoglykiimien
auftreten.Blutzuckerschwankungen sollten méglichst gering gehalten werden.
[O0Ja ONein

4. Eine Bestimmung des HbAlc-Wertes zur Kontrolle der Stoffwechseleinstellung soll
mindestens all drei Monate erfolgen.
JJa ONein Quartal, Jahr:

5.0phtalmologische Kontrolle soll einmal im Jahr erfolgen
JJa ONein Quartal, Jahr:

6.Screeining auf Nephropathie soll einmal im Jahr erfolgen
JJa ONein Quartal, Jahr:

7 Blutdruck soll alle 3 Monate, mindestens aber einmal im Jahr gemessen werden.
JJa ONein Quartal, Jahr:

8.Ein Lipidscreening soll alle 2 Jahre erfolgen
JJa ONein Quartal, Jahr:

9. Neuropathiescreening soll jihrlich erfolgen
JJa ONein Quartal, Jahr:

10.Impfungen nach STIKO inshesondere Grippe und Pnenmokokken Impfung fiir
Kinder mit Typ 1 Diabetes
JJa ONein Quartal, Jahr:

11.Krankentage Mangement (Sick Day Management) Protokoll soll erstellt werden
JJa ONein Quartal, Jahr:

12.Urin oder Blutketone sollen bestimmt werden wihrend der Episoden von
unkotrollierter Hyperglykiimie, Insulinmangel, Krankheit oder drohender Ketoazidose
JJa ONein Quartal, Jahr:

7
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INHALTE DIE IN DER PHARMAZEUTISCHEN BETREUUNG VERMITTELT
WERDEN SOLLEN

Bewertung von individuellen Therapiezielen orientiert an den Therapie-Leitlinien

Erfolgt: [Ja ONein Datum

Vermittlung der Grundlagen der Insulintherapie sowie praktischer Fertigkeiten zur
Durchfiihrung der Insulintherapie
Erfolgt: [Ja ONein Datum

Vermittlung von Fertigkeiten zur eigenstindigen Insulinanpassung
Erfolgt: [0Ja [Nein Datum

Erlernen von SelbstkontrollmaBnahmen sowie deren Dokumentation und Interpretation

Erfolgt: [Ja ONein Datum

Erkennung, Behandlung und Privention von Akutkomplikationen (Hypoglykimien,
Hyperglykimien, Infekte etc.)
Erfolgt: [Ja ONein Datum

Vermittlung von Kenntnissen und praktischen Fertigkeiten beziiglich der Auswirkung
von korperlicher Aktivitit auf die Blutglukoseregulation
Erfolgt: [Ja ONein Datum

Training von Problemlosestrategien fiir besondere Situationen

Erfolgt: [Ja ONein Datum

Vermittlung von Kenntnissen zur Sexualitit, Kontrazeption, Menstruation, Familienplanung

Erfolgt: [Ja ONein Datum

Umgang mit moglichem Tabak-, Alkohol- und/oder Drogenkonsum;
Erfolgt: [Ja ONein Datum

Informationen iiber Kontrolluntersuchungen

Erfolgt: [Ja ONein Datum
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[ 9. SONSTIGE ANMERKUNGEN:
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(9) Tabular list of the entire data and information extracted for the meta-analysis

General

Citation
Objective

Method

Study design

OQOutcomes

Inclusion criteria

Exclusion criteria

Blinding [yes/no]
Cluster-Randomization
[yes/no]

Study duration [months]

Study setting - place

Study setting - country
Analysis type (intention to treat
or per protocol)

Patient recruiting type

Patient recruiting time [months]

Primary outcomes
Secondary outcomes

HbA1c value [%]
Diabetes type
Medication type
Amount of medication
Age [years]

Language

Other
criteria

relevant  inclusion

Other diseases

Diabetes complications
Other relevant exclusion
criteria

Training design

Intervention design

Intervention contents —
Patient consultation

Intervention contents
— Medication analysis

Training includes the following
topics...

Training was provided by...
Training duration [hours]

Intervention was
by...
Mean

provided

intervention duration
[minutes]

Intervention period [months]
Intervention type face to face
[yes/no]

Intervention type skype or
facetime [yes/no]
Intervention type telephone
follow-up [yes/no]
type
leaflets [yes/no]
Intervention type education
video [yes/no]

Intervention printed

Health beliefs [yes/no]
Lifestyle  changes: diet,
[yes/no]

Lifestyle changes: exercise
[yes/no]

Lifestyle changes: smoking
cessation [yes/no]
General medication
knowledge [yes/no]
Side-effects of
medicines/DRPs [yes/no]

Goal setting [yes/no]

Medication review [yes/no]
Implementation of
medication plan [yes/no]

Intervention contents -
Monitoring

Intervention contents —
Tests, examinations and
physical assessment

Intervention contents —
Patient education

Intervention contents
- Interdisciplinary
work

Assessment of adherence
(guestionnaire) [yes/no]

Review and analysis of blood
glucose meter measurements/

diabetes record book [yes/no]

Blood pressure [yes/no]
Lipid levels [yes/no]

Boys weight [yes/no]
Diabetic feet screening
[yes/no]

Skin /Neuropathy screening
[yes/no]

Eyes /Retinopathy screening
[yes/no]

Kidney /Nephropathy
screening [yes/no]
HbA1c-measurements
[yes/no]

Usage of blood glucose
meters [yes/no]

Medication knowledge
[yes/no]
Diabetes complications
[yes/no]

Partnership with other
health care professionals

[yes/no]

Sending feedback to
physicians [yes/no]

Sending medication
recommendations to

physicians [yes/no]

to other health
care professionals [yes/no]
Physician

Referral
referral for
patient education [yes/no]

Referral to specialist nurse

or diabetes educator
[yes/no]
Physician referral  for

medical advice [yes/no]

Definition of usage care (control group)
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Baseline data
General information Relevant clinical Relevant humanistic Relevant economic
about study population outcomes (intervention oufcomes (intervention oufcomes
(intervention and control and control group) and control group) (intervention and
group) control group)

Mean age [years]

Mean diabetes duration [years]

Females [%]

Mean HbA1c-value [%]
Mean blood glucose levels
[mg/dL]

Diabetes knowledge test
Assessment of health status -
Short Form 36

Smoker [%] Mean systolic blood pressure  Adherence score [%]
[mmHg] Diabetes-related quality of
Mean diastolic blood life
pressure [mmHg] Health-related quality of life
Mean total cholesterol Beliefs about medicines
[mg/dl] questionnaire
Mean HDL [mg/dL] Satisfaction with information
Mean LDL [mg/dL] received about medicines
Mean TG [mg/dL] Amount of identified drug-
Mean BMI [kg/m?] related problems
Cardiovascular risk score
(UKPDS risk score)
Hypoglycemic episodes per
months
Hyperglycemic episodes per
months

Results

Number of participants Amount of health care Clinical outcomes Humanistic outcomes
(intervention and control professionals (intervention and (intervention and
group) (intervention and control group) control group)
control group)
Number of enrolled patients Number of pharmacists Mean HbA1c value [%] Diabetes knowledge test
Number of analyzed patients Number of enrolled Mean blood glucose levels Assessment of health
Drop-out rate [%] pharmacies [mg/dL] status - Short Form 36
Number of enrolled Mean systolic blood pressure  Adherence score [%]
physicians [mmHg] Diabetes-related quality of
Mean diastolic blood life
pressure [mmHg] Health-related quality of life
Mean total cholesterol Beliefs about medicines
[mg/dl] guestionnaire
Mean HDL [mg/dL] Satisfaction with
Mean LDL [mg/dL] information received about
Mean TG [mg/dL] medicines
Mean BMI [kg/m?] Amount of identified drug-
Cardiovascular risk score related problems
(UKPDS risk score)
Hypoglycemic episodes per
months
Hyperglycemic episodes per
months
Economic outcomes Additionally results
(intervention and control (intervention and
group) control group)
Emergency or hospital visits
Other (validated)
questionnaires used
Conclusion
Limitations

Intern validation
Extern validation
Interpretation of results
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(10) Questionnaire meta-analysis

¢ —Nz“{; Intervention & Training Design of Pharmaceutical Care Provided by

HEN
LAl Community Pharmacists

Welcome

Thank you very much for participating in our survey. Your feedback is important to evaluate, which
intervention component is essential to achieve a positive impact on the HbA1c values of the
enrolled participants.

Besides we want to assess the effect of training community pharmacists at the beginning of

your randomized controlled trial.

* 1. Contact information

Name

University/Pharmacy

Email Address | |

Phone Number
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(f"—ﬂ' % ! Intervention & Training Design of Pharmaceutical Care Provided by

LAl Community Pharmacists

Part 2 - Intervention design

The subsequent questions are dealing with details about the pharmacists' intervention design.

* 2. Mean intervention duration [minutes]

.
v

* 3. Mean intervention interval [months]

-
v

* 4. Pharmaceutical care included the following intervention types:

Yes No Not documented
Face-to-face visits ) C )
(additional) telephone — ~
calls g - o
Printed leaflets W ' 9,
Educational video W, / )
Other (please specify)

* 5. Pharmaceutical care included the following advice for lifestyle changes:

Yes No Not documented
Diet/Nutrition C )
Exercise O O
Smoking cessation ) @ (L)
Alcohol consumption )
Other (please specify)
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* 6. Pharmacists investigated the following key aspects:

Yes No Not documented

Patients' general
medication knowledge

Side-effects of the
current medication

Drug related problems
(DRPs)

Patients health beliefs
(individual) goal setting

Other (please specify)
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* 7. Pharmacists and/or other health care personal conducted the following examinations/tests:

Yes No Not documented
Medication review
HbA1c values
measurements

Blood glucose
measurements

Blood pressure
measurements

Lipid profile
measurements

Weight measurements

Feet and/or skin e
examinations
Retinopathy screening
Nephropathy screening

Assessment of patients'

adherence by using pill-
count method or

questionnaire

Assessment of health r
status e.g. short-form-36

Assessment of patients'
diabetes knowledge e.g.
questionnaire

Evaluation of patients’
satisfaction with
pharmacist intervention

Other (please specify)
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* 8. Pharmacists' patient education included the following aspects:

Yes
Blood glucose meter —
usage
Medication application
Diabetes associated
short-term complications
Diabetes associated

long-term complications

Review and evaluation of
the diabetes record
books

Other (please specify)

* 9. Pharmacist-physician collaboration included the following aspects,

Yes

Pharmacists send

recommendations to the —
physician e.g. required

medication changes

Pharmacists send
feedback to the
physician e.g. patients
progress

Pharmacists referred
patients to the physician
for patient education
Pharmacists referred

patients to the physician
for medical advice

Pharmacists referred
patients to a specialist
nurse

Pharmacists referred
patients to other health
care professionals

Other (please specify)

No

No

if necessary:

Not documented

Not documented
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S 7 ! Intervention & Training Design of Pharmaceutical Care Provided by

LAl Community Pharmacists

Part 3 - Design of Pharmacists' Training

The subsequent questions are dealing with details about the training of pharmacists before
or during the study.

* 10. Pharmacists received training before the beginning of the study:

[ ) Yes

No

() Not documented

* 11. Mean training duration [hours]

-
hd

* 12. Mean training repetition interval [months]

-
v

* 13. Training was provided by:

Yes No Not documented
Community pharmacists @ )
Clinical pharmacists U P J
Certified diabetes \ ¢ y
educators (pharmacists) e . W,
Physicians \
Diabetes specialist ~ B ~
n ) [ )

Other (please specify)
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* 14, Training was given to:
Yes No Not documented
Community pharmacists

Certified diabetes
educators (pharmacists)

Other (please specify)

* 15. The training of pharmacists included the following key aspects of the pathophysiology of diabetes type 1
and/or 2:

Yes No Not documented

Regulation of blood
glucose and insulin
secretion

Physiology and
pathophysiology of
intermediary metabolism
(e.g. carbohydrate-
metabolism)

Insulin effect and effect
of insulin deficiency

Other (please specify)
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* 16. The training of pharmacists included the following key aspects of the diagnosis and therapy of diabetes
type 1 and/or 2:

Yes No Not documented

Type 1 diabetes: cause,
development and
therapy strategies

Type 2 diabetes: cause,
development and
therapy strategies

Glucose levels in blood
and/or urine, HbA1c
values and lipid profile

Impact and regulation of
body weight

Impact of high blood
pmwm St L St

Detection and treatment
of hypoglycemia and/or
diabetic ketoacidosis
General diabetes
medication knowledge

Effect, side-effects and
interactions of insulin
and/or OADs

Short- and long-term
diabetes complications
e.g. macroangiopathy

Other (please specify)
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* 17. The training of pharmacists included conduction of the following "practical" key aspects:

Yes No Not documented

Instructions on self-

monitoring of blood

glucose/usage of blood — (- -
glucose meters

Methods to measure
urine glucose levels

Methods to (self- — —
Jmeasure blood pressure

Methods to determine
the lipid profile —

Methods to measure
ketones in urine and/or
blood

Methods to measure
albuminuria

Usage of insulin syringes
and/or pens or other
insulin injection methods

Other (please specify)

* 18. The training of pharmacists included the following aspects of lifestyle advice:

Yes No Not documented

Diet/Nutrition

recommendations for ‘
diabetes type 1 and/or 2
patients

Documentation of self-
measurements and/or
medication intake

Methods to support
patients’ self-
management
Importance of physical
activity, weight control,
foot care, self-
observation and
diabetes complications

Medication and diabetes
interactions '

Other (please specify)
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* 19. The training of pharmacists included the explanation and/or documentation of the following humanistic
outcomes:
Yes No Not documented

Adherence and/or ‘
compliance = R

Qol and/or DQoL and/or
HRQoL

Diabetes knowledge
questionnaire/score

Health status e.g. short- I X
form-36 -/ N\ -/

Satisfaction with
pharmacist intervention

Other (please specify)

* 20. The training of pharmacists included the following soft skills:
Yes No Not documented
Motivational interviewing
Role plays

Discussion of patient
cases

Other (please specify)

* 21. Additional information about the content of the given training to the pharmacists:

Yes No Not documented

Instructions on

counseling at first L ./
prescription

Information about the

study protocol

Principles of !
pharmaceutical care = = =

Other (please specify)

* 22. The training of pharmacists was based on the following guidelines (e.g. ISPAD guideline 2014):
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Intervention & Training Design of Pharmaceutical Care Provided by

‘HH” - b e
[hRHeul  Community Pharmacists

Part 4 - HbA1c values

Please fill in the subsequent boxes the correct HbA1c values of all analysed participants, if
available.

23. HbA1c values of the analysed control participants

Mean baseline HbA1c
values + SD

Mean final HbA1c values £

s0 1 |

Mean diff HbA1c

values + SD | |
Minimum

difference HbA1c values | |
Maximum

difference HbA1c values | |

24. HbA1c values of the analysed intervention participants

Mean baseline HbA1c
values + SD

Mean final HbA1c values £

s0 1 |

Mean diff HbA1c
values + SD | |

Minimum diff
HbA1c values | |

Maximum
difference HbA1c values | |
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(11) EMDIA-CRF

& Medikationsanalyse CRF f”«» % %f“‘;ﬂ

KLINISCHE PHARMAZIE & HEINRICH HEINE
PHARMAKOTHERAPIE UNIVERSITAT DUSSELDORF
_PATIENTENDATEN
Patienten-ID*: Geburtsdatum:  Geschlecht Datum der Analyse:
Cw Cm
Name des durchfilhrenden Apothekers: Einwilligungserklarung unterschrieben am:

Fertigstellung der Analyse mitteilen: [ ] telefonisch [ ] postalisch [ ] per E-Mail

Name und Kontaktdaten des Hausarztes: Name und Kontaktdaten des Diabetologen:

—
*wird von den Verantwortlichen zur Durchfiihrung der Studie ausgefilit

PATIENTE NANAM&N ESE
Bekannte Diagnosen/Erkrankungen:

Vorliegende Unterlagen des Patienten:
[] Medikationsplan [ ] Arztbrief [ ] Laborwerte [ ] Entlassbrief des Krankenhauses

Sonstiges:

Blutzuckertagebuch: Letzter Niichternblutzuckerwert:

[ vorhanden [] nicht vorhanden [mg/dl] am Datum:

Letzter HbA1c-Wert: GroRe: Gewicht:
[%] am Datum:

Tgl. Anzahl der Blutzuckermessungen: Ketonkodrpermessungen im Urin:

Mtl. Anzahl leichter Hypoglykamien: Mtl. Anzahl schwerer Hypoglykémien:

Diabeteskomplikationen:

Anzahl der Mahlzeiten pro Tag: Ernahrungsplan:

[ vorhanden [] nicht vorhanden
[ kein Nikotinkonsum [ kein Alkoholkonsum [ gelegentlich kérperich aktiv
[ 1 Raucher [] Alkoholkonsum [ regelméBig korperlich aktiv
[1 ehemaliger Raucher [] friiherer Alkoholkonsum Sportart:

Allergien & Unvertraglichkeiten:

Sonstige relevante Informationen z.B. Beruf, geplante Operationen oder Schwangerschaft:
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& Medikationsanalyse CRF ?(L_“ ‘?/ Z;;,-,‘_,

KLINISCHE PHARMAZIE & HEINRICH HEINE
PHARMAKOTHERAPIE UNIVERSITAT DUSSELDORF

ARZNEIMITTEL (aufer Insulin)

Name des Arzneimittels: Wirkstoffname:

Starke und Darreichungsform des Wirkstoffs: Grund der Einnahme:

Art der Medikation:

[] Selbstmedikation [ | Bedarfsmedikation [ ] Dauermedikation wird eingenommen seit:
morgens mittags abends nachts

Dosierung [1zum []wahrend [ ] nach dem Essen

Besondere Einnahmehinweise oder sonstige Angaben:

AUSWERTUNG DES APOTHEKERS
Beratungsbedarf des Patienten:
[] kein Bedarf [] Handhabung/Anwendung [] Grund der Anwendung [] Dosierung
[ Compliance/Adharenz [ ] Sonstiges:
Arzneimittelbezogene Probleme:
[] keine [] Nebenwirkungen vorhanden [] Interaktion liegt vor [] Kontraindikation [] fehlerhafte Indikation
[] Doppelverordnung [ ] fehlerhafte Dosierung [ ] Priscus-AM [ ] Sonstiges:

Name des Arzneimittels: Wirkstoffname:

Starke und Darreichungsform des Wirkstoffs: Grund der Einnahme:

Art der Medikation:

[] Selbstmedikation [ | Bedarfsmedikation [ ] Dauermedikation wird eingenommen seit:
morgens mittags abends nachts

Dosierung [ ]zum []wahrend [ ] nach dem Essen

Besondere Einnahmehinweise oder sonstige Angaben:

AUSWERTUNG DES APOTHEKERS
Beratungsbedarf des Patienten:
[ kein Bedarf [] Handhabung/Anwendung [] Grund der Anwendung [] Dosierung
[ Compliance/Adharenz [ ] Sonstiges:
Arzneimittelbezogene Probleme:
[] keine [] Nebenwirkungen vorhanden [] Interaktion liegt vor [] Kontraindikation [] fehlerhafte Indikation
[] Doppelverordnung [ ] fehlerhafte Dosierung [ ] Priscus-AM [ ] Sonstiges:

Name des Arzneimittels: Wirkstoffname:

Starke und Darreichungsform des Wirkstoffs: Grund der Einnahme:

Art der Medikation:

[] Selbstmedikation [ | Bedarfsmedikation [ ] Dauermedikation wird eingenommen seit:
morgens mittags abends nachts

Dosierung [ ]zum []wahrend [ ] nach dem Essen

Besondere Einnahmehinweise oder sonstige Angaben:

AUSWERTUNG DES APOTHEKERS

Beratungsbedarf des Patienten:

[ kein Bedarf [] Handhabung/Anwendung [] Grund der Anwendung [] Dosierung
[ ] Compliance/Adhérenz [ ] Sonstiges:

Arzneimittelbezogene Probleme:
[ keine ] Nebenwirkungen vorhanden [ Interaktion liegt vor [] Kontraindikation [ fehlerhafte Indikation
[] Doppelverordnung [ ] fehlerhafte Dosierung [ ] Priscus-AM [ ] Sonstiges:
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& Medikationsanalyse CRF ?(L_“ ‘?/ Z;;,-,‘_,

KLINISCHE PHARMAZIE & HEINRICH HEINE
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INSULIN
Name des Insulins: Wirkstoffname:

Angabe 2u Einheiten pro mi: [] Bolusinsulin [] Basalinsulin

Durchschnittlicher tgl. Insulinverbrauch [L.E.]: [ Insulinpen [ Insulinpumpe

. morgens mittags abends nachts Anzahl tgl. Insulininjektionen:
Dosierung

[LE]

AUSWERTUNG DES APOTHEKERS

Beratungsbedarf des Patienten:
[] kein Bedarf [ ] Handhabung/Anwendung [ ] Grund der Anwendung [ | Dosierung
[ Compliance/Adharenz [ ] Sonstiges:

Arzneimittelbezogene Probleme:

[1keine [] Nebenwirkungen vorhanden [] Interaktion liegt vor [ ] Kontraindikation
[] fehlerhafte Indikation [ ] Doppelverordnung [ ] fehlerhafte Dosierung [ ] Priscus-AM
[ ] Sonstiges:

Name des Insulins: Wirkstoffname:

Angabe zu Einheiten pro m: [] Bolusinsulin [] Basalinsulin

Durchschnittlicher tgl. Insulinverbrauch [L.E.]: [ Insulinpen [ Insulinpumpe

Dosierung morgens mittags abends nachts Anzahl tgl. Insulininjektionen:

[LE]

AUSWERTUNG DES APOTHEKERS

Beratungsbedarf des Patienten:
[] kein Bedarf [ ] Handhabung/Anwendung [ ] Grund der Anwendung [ | Dosierung
[ ] Compliance/Adhérenz [ | Sonstiges:

Arzneimittelbezogene Probleme:

[ ] keine []Nebenwirkungen vorhanden [ ] Interaktion liegt vor [ ] Kontraindikation
[ fehlerhafte Indikation Doppelverordnung [_] fehlerhafte Dosierung [ ] Priscus-AM
[ | Sonstiges:
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(12) EMDIA form for documenting the correspondence with the physician or

diabetologist

% Formblatt Ergebnis Medikationsanalyse Arzt % ,‘_‘;/ S

KLINISCHE PHARMAZIE & HEINRICH HEINE

PHARMAKOTHERAPIE UNIVERSITAT DUSSELDORF

Sehr geehrte/r Frau/Herr Dr. med. ,

anbei senden wir |lhnen die Ergebnisse der Medikationsanalyse mit der Bitte um
Kenntnisnahme.

_PATI ENTENDATEN
Patienten-1D*: Ansprechpartner in der Apotheke: Datum der Analyse:

Vorliegende Unterlagen des Patienten:

[ Medikationsplan vom [] Arztbrief von vom
[] Laborwerte vom [] Entlassbrief des Krankenhauses vom
Sonstiges:

—
*wird von den Verantwortlichen zur Durchfiihrung der Studie ausgefilit

_ERGEBNIS DER MEDIKATIONSANALYSE _ _
Potenzielle Mégliche Ursache sowie Folgen Unsere Empfehlung:
arzneimittelbezogene Probleme: fiir den Patienten:

Folgende Zielvereinbarungen wurden mit dem Patienten getroffen:

Sehr geme mdchte ich mit lhnen Uber das Ergebnis der Medikationsanalyse sprechen.
Hierfur mochte ich mit lhnen einen Termin vereinbaren fir ein Telefonat/persoénliches
Gesprach.

Vielen lieben Dank fiir lhre Unterstiitzung.

Mit freundlichen Griien,

Ihr Ansprechpartner:

Apothekerin Maira Anna Deters
Universitatsstr. 1 Gebdude 26.22.02 Raum 21
40225 Disseldorf

Telefon: 0211 81 13840

Fax: 0211 81 10741

E-Mail: maira.deters@hhu.de
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o FF T

KLINISCHE PHARMAZIE & HEINRICH HEINE
PHARMAKOTHERAPIE UNIVERSITAT DUSSELDORF

CHECKLISTE ZUR DURCHFUHRUNG DER MEDIKATIONSANALYSE

Allgemeine Angaben zum Patienten:

Patienten-1D*: Geburtsdatum: || Patientenkartei vorhanden
Patienteninformation und Einwilligungserklarung mitgegeben am:

Erstgesprach ist geplant am:

Erstgesprach durchgefiihrt am: Name des Apothekers:

Fertigstellung der Analyse mitgeteilt am: Abschlussgesprach Medikationsanalyse am:
Kontakt zum Hausarzt: Kontakt zum Diabetologen:

am via am via

1. Kontrolltermin: Kontakt zum Hausarzt: Kontakt zum Diabetologen:

am am via am via

2. Kontrolltermin: Kontakt zum Hausarzt: Kontakt zum Diabetologen:

am am via am via

*wird von den Verantwortlichen zur Durchfiihrung der Studie ausgefilit

1. Gewinnung des Patienten
] Uberpriifung des potenziellen Nutzens der Medikationsanalyse fiir den Patienten
- Multimorbiditat und/oder Polymedikation
[] Ansprache des Patienten - Nutzen und Vorteile fiir den Patienten darstellen
[] Einwilligungserkarung erhalten
[] Vereinbarung eines Gesprachstermins fiir die Medikationsanalyse
2, Datenerhebung und Datenerfassung
Daten aus der Patientenkartei
[ ] Aktuelle Medikation
[ ] Diagnosen, Laborwerte, Arztbriefe, Allergien und Unvertraglichkeiten etc.
[] sonstige gesundheitsrelevanten Informationen
Gesprach mit dem Patienten
aktuelle Medikation und weitere relevante Informationen erfassen mittels
Medikationsanalyse CRF
[ ] Diagnosen, Laborwerte, Arztbriefe, Allergien und Unvertréglichkeiten etc.
[ ] Sozialanamnese (Lebensgewohnheiten etc.)
[] WHO-5 well-being Index Fragebogen ausfiillen
[]
h
u

[

sonstige gesundheitsrelevanten Informationen
3. Pharmazeutische Uberpriifung der Medikation
Uberpriifung der Wirkung der Medikation (z.B. wirkungslos, teilweise
wirksam, Auftritt von Nebenwirkungen)
Uberpriifung der Indikation (z.B. Arzneimittel ohne Indikation, falsche
Indikation, Kontraindikation liegt vor)
Uberpriifung von Interaktionen (z.B. AM-AM oder AM-NM oder AM-NEM)
Uberpriifung der Compliance oder Adhérenz des Patienten
Uberpriifung der Lagerung und des Anbruchsverfalls der Medikamente
satzliche Uberpriifung der Medikation bei speziellen Patientengruppen:
[ ] bei Patienten 260 Jahren Verwendung der Priscus-Liste
[] bei eingeschrénkter Nierenfunktion Verwendung von www.dosing.de
] bei Schwangeren und Stillenden Verwendung von www.embryotox.de

[]
O
l
l
L]
z
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KLINISCHE PHARMAZIE & HEINRICH HEINE
PHARMAKOTHERAPIE UNIVERSITAT DUSSELDORF

4. Erarbeitung von Vorschlagen zur Losung der arzneimittelbezogenen
Probleme

Patient

[l medikamentdse Lésungsansatze

[ ] nicht medikamentdse Lésungsanséatze

[ ] MonitoringmaBnahmen

Arzt

[ ] medikamentse Lésungsansétze

[] nicht medikamentdse Lésungsansatze

] MonitoringmaBnahmen
5. Abschlussgesprach

[| Erlauterung aller Lésungsansatze

[] Erlauterung aller Monitoringmanahmen

[ ] Ausgabe des aktuellen Medikationsplans
6. Dokumentation

] Gesprach mit dem Patienten — Arzneimittelanamanese

(Nutzung des Medikationsanalyse CRF)

] Arzneimittelanalyse ggf. Auschnitt der Leitlinie oder Fachinformation
markieren sowie speichern
[] Information fiir den behandelnden Arzt (Nutzung der Vorlage)
[] Abschlussgesprach mit dem Patienten (Nutzung der Vorlage)
f. Vereinbarung eines Folgetermins zur Kontrolle
] Nach ca. einem Monat — Kontrolle der Medikation sowie Werte und der
Einhaltung der gemeinsam vereinbarten Ziele
[

7.9g

Nach ca. drei Monaten — Kontrolle der Medikation sowie Werte und der
Einhaltung der gemeinsam vereinbarten Ziele
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(14) Required entries and settings for the effective use of the diabetes record book

Einstellungen

Einheiten und Formatierungen

Persénliche Daten

Blutzuckerzielbersich
Diabetesbehandlung

Kategorien

Medikamente

Erinnerungen

Benutzeroberfldche

Konfigurationsassistent

Konfigurationsassistent

L4 *>—
Maeihetien () minnlich ® m
@ Metrisch (kg, g, ml, em) yr —_x__\\
O US (Ibs, oz, fl oz, inch) : | @
Blutzuckereinheit \\__,_/:
O mmein © .
—l Kohlenhydrateinheiten e A

o] -

O Kohlenhydrate

O (12g)

To simplify the input of the required,
personal health data, the Diabetes:M
application offers a configuration

wizard (see red box).

To effectively use the diabetes record

inheiten (10g) Korpergrode®
: kg 165 cm
O heiten (15a)
™ Geburtstag: 23-11-1989 -
Aktivitatsfaktor
[ Wenig bis kein Sport -

book, the patient must select To calculate the bolus doses or BMI
the measurement units correctly, the application needs the
they currently use. weight and height of the patient.

Konfigurationsassistent

Was ist Deine Insulintherapie?
O Nicht-Insulin Behandlung

o I

ngulin-Pen Dosisschritte

O osE @no 20E

O Insulinpumpe

In order to enable the
activation of relevant
functions directly and to
facilitate the
documentation of the
therapy, the current
diabetes therapy should
be entered next.

Konfigurationsassistent

*—o—o0—o

Welche Medikamente nimmst Du &in?

Bol Jlin

Andere =
Basalinsulin
Andere B
Medikamente

+  Medikament hinzufilgen

/ If insulin therapy is \

selected in the previous
section, you can now
choose a bolus and/or
basal insulin from an up-
to-date list. If other
medications are taken,
you can now enter them.
A list of oral antidiabetics

\ is also available. /

Konfigurationsassistent Konfigurationsassistent

——_a—a—D
ib Deinen Blutzuckerzi eich, Deine ALLES IST NUN EINGERICHTET!
nsuline und Dain
Kaohle san. Du kannst nun die Diabetes:M

Applikation nutzen

Blutzuckerzielberaich (ma/dL)

Hyperglykimie

erzielwert Oberer Blutzuck

200 100 148

+  Insulinsensitivititen (stindlich) (@)

00 -+ 151y rtieren kanr e Dir dazu
verfiigbaren Imp ¥
+  Kohlenhydratverhiltnisse (stindiich) (@) Meni an
Wichtig!Wenn Du Dir nicht sicher bist, / Aﬂer th‘ initial \
welche Werte Du fiir Ziglbereich, Oonﬂguratlon s compl y
Insulinempfindlichkeit und other features such as the

Kohlenhydratverhditnis angeben
sollst, lasse die vorgeschlagenen
Werte stahen und frage Deinen
Diabetologen.

reminder functions and
user interface
adjustments can be set in
the settings. Additionally,
you can select our blood
glucose measurement

system and import all
\ your values. /
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(15) Pie chart from the Diabetes:M application - overview blood glucose levels different

timeframes
L e / Hypo is defined as hypoglycemia: \
blood glucose levels < 54 mg/dl
Niedrig is defined as blood glucose levels in the

e Hypo e Niedrig ® Normal e Hoch e Hyper
lower target area:

fasting or before meals 55 mg/dl < x < 72 mg/dl
after meals 55 mg/dl < x < 108 mg/dI

Normal is defined as the target blood glucose
levels:
target blood glucose level: 101 mg/dl
fasting or before meals 73 mg/dl < x < 143 mg/dl
after meals 109 mg/dl < x < 179 mg/dI

7 Tage

Hoch is defined as blood glucose levels in the
higher target area:
fasting or before meals 144 mg/dl < x < 197
mg/dl
after meals 180 mg/dl < x < 269 mg/d|

Hyper is defined as hyperglycemia:

fasting or before meals > 198 mg/d|
after meals = 270 mg/d|
30 Tage 90 Tage

14 Tage

\_ Vor Friihstiick _/

n]]?gld?_

30 Tage 90 Tage Vor Mittagessen “or Abendessen or Beft
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Xl Lebenslauf

Persénliche Daten und Lebenslauf
Nachname: Deters

Vorname: Maira Anna

Geburtsjahr: 1989

Kontaktdaten

Adresse des Lehrstuhls/Instituts:

Institut fr Klinische Pharmazie und Pharmakotherapie
Universitatsstrale 1

40225 Dusseldorf

Geb. 26.22.02.21

Tel.: 0211/81-12531

E-Mail: maira.deters@uni-duesseldorf.de
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Beruflicher Werdegang

Berufsabschluss: Apothekerin

September 2015

Oktober 2015 bis
Juli 2017

Juli 2017 bis August
2018
September 2018 bis

August 2020

seit September 2020

Praktkum am Institut fir Klinische Pharmazie und
Pharmakotherapie der Heinrich-Heine-Universitat Dusseldorf -
Arbeitsgruppe Univ.-Prof. Dr. med. Laer

Wissenschaftliche Mitarbeiterin am Institut fur Klinische Pharmazie
und Pharmakotherapie der Heinrich-Heine-Universitat Disseldorf &
Apothekerin in der ABC-Apotheke Oberhausen

Mutterschutz und anschlieBende Eltern-/Erziehungszeit
Wissenschaftliche Mitarbeiterin am Institut fur Klinische Pharmazie
und Pharmakotherapie der Heinrich-Heine-Universitat Disseldorf &

Apothekerin in der ABC-Apotheke Oberhausen

Mutterschutz und anschlieBende Eltern-/Erziehungszeit

Hochschulausbildung

August 2015
Juli 2015

Approbation als Apothekerin
Dritter Abschnitt des Staatsexamens

Praktisches Jahr

Juli bis August 2014
September 2014 bis
Februar 2015

Maérz bis Juni 2015

Pharmaziepraktikantin in der ABC-Apotheke in Oberhausen
Pharmaziepraktikantin am Institut fur Klinische Pharmazie und
Pharmakotherapie der Heinrich-Heine-Universitat Dusseldorf -
Arbeitsgruppe Univ.-Prof. Dr. med. Laer

Pharmaziepraktikantin in der ABC-Apotheke in Oberhausen

Studium

2009 bis 2014
August bis Oktober
2010

Herbst 2011

Frihjahr 2014

Pharmaziestudium an der Heinrich-Heine-Universitat Diisseldorf
Famulatur in der ABC-Apotheke in Oberhausen

Erster Abschnitt des Staatsexamens
Zweiter Abschnitt des Staatsexamens

Schulausbildung
bis 2009

BMV-Schule in Essen
Abschluss: Abitur
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Publikationen, Vortrége, Posterprasentationen und Kongressbesuche

Publikationen,
Kongressbesuche

Publikationen

November 2016

November 2016

Februar 2018

Oktober 2018

November 2020

Vortrage, Posterprasentationen und

Publikation - Erstautor:

Deters MA, Laer S, Hasanbegovi¢ S, Nemitz V, Miller P,
Kriger M, Schwender H, Obarcanin E. Diabetes
Stewardship — Pharmaceutical care of adolescents with
type 1 diabetes mellitus provided by community
pharmacists. @ Med  Monatsschr Pharm. 2016
Nov;39(11):477-82.

Publikation - Zweitautor:

Obarcanin E, Deters MA, Nemitz V, Laer S.
Pharmaceutical care of an adolescent with type 1
diabetes. Med Monatsschr Pharm. 2016 Nov;39(11):483-
7.

Publikation - Erstautor:

Deters MA, Laven A, Castejon A, Doucette WR, Ev LS,
Krass |, Mehuys E, Obarcanin E, Schwender H, Laeer S.
Effective Interventions for Diabetes Patients by
Community Pharmacists: A  Meta-analysis  of
Pharmaceutical Care Components. Ann Pharmacother.
2018 Feb;52(2):198-211. doi:
10.1177/1060028017733272. Epub 2017 Sep 26.
Publikation - Zweitautor:

Laven A, Deters MA, Rose O, Schwender H, Smaranda
A, Waltering |, Laeer S. PharmAdhere: training German
community pharmacists with Objective Structured Clinical
Examinations. Int J Clin Pharm. 2018 Oct;40(5):1317-
1327. doi: 10.1007/s11096-018-0710-0. Epub 2018 Aug
11.

Publikation - Drittautor:

Farahani |, Farahani S, Deters MA, Schwender H, Laeer
S. Efficacy of an Objective Structured Clinical
Examination Training Approach for Training Pharmacy

Students in Diabetes Mellitus Counseling: A Randomized
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Mai 2021

Juni 2021
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Vortrdge

25.03.2017

22.11.2019 bis 23.11.2019

Controlled Trial. Pharmacy (Basel). 2020 Nov
26;8(4):229. doi: 10.3390/pharmacy8040229.
Publikation - Drittautor:

Farahani |, Farahani S, Deters MA, Schwender H, Laeer
S. Training Pharmacy Students in Self-Medication
Counseling Using an Objective Structured Clinical
Examination-Based Approach. J Med Educ Curric Dev.
2021 May 31;8:23821205211016484. doi:
10.1177/23821205211016484.

Publikation - Drittautor:

Farahani S, Farahani |, Deters MA, Schwender H,
Burckhardt BB, Laeer S. Blended Learning on Blood
Pressure Measurement: Investigating Two In-Class
Strategies in a Flipped Classroom-Like Setting to Teach
Pharmacy Students Blood Pressure Measurement
Skills. Healthcare (Basel). 2021;9(7):822. 2021 Jun 28.
doi:10.3390/healthcare9070822.

Publikation - Erstautor:

Deters MA, Obarcanin E, Schwender H, Laer S.
EMDIA Case Series-Effective Medication Therapy
Management (MTM) for Diabetes Type 2 Patients-A Proof
of Concept Study. Pharmacy (Basel). 2021 Aug
9;9(3):137. doi: 10.3390/pharmacy9030137.

Vortrag mit dem Thema ,Vorstellung der DIADEMA
Studie® bei der Mitgliederversammlung des LAV
Rheinland-Pfalz

DGKPh-Kongress in Aachen (DGKPh Stipendium)
Kurzvortrag mit dem Schwerpunkt praktische Umsetzung
des effektiven Medikations-managements:

,Proof of concept Studie ,EMDIA" - effektives
Medikationsmanagement fur Patienten mit Diabetes

mellitus Typ 2”
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28.11.2020

12.05.2021 bis 15.05.2021

Posterprédsentationen

04.10.2016 bis 07.10.2016

21.06.2017 bis 23.06.2017

08.10.2017 bis 11.10.2017

29.05.2019 bis 01.06.2019

23.10.2019 bis 25.10.2019

DGKPh-Mitgliederversammlung (online)

Kurzvortrag mit dem Schwerpunkt der Darstellung und
Auswertung der entdeckten ABPs:

.Proof of concept Studie ,EMDIA” - effektives
Medikationsmanagement fur Patienten mit Diabetes
mellitus Typ 2”

DDG-Kongress (online)

Workshop (90 Minuten) zum Thema: Medikamentdse
Fallstricke bei polypharmazie-geplagten Menschen mit
Diabetes (Darstellung von Fallbeispielen aus der EMDIA-
Studie)

DPhG Kongress in Miinchen

Posterprasentation:

,Pharmaceutical Care Provided by Community
Pharmacists fur Adolescents with Type 1 Diabetes
Mellitus — Follow up of DIADEMA*

ESDPPP Kongress in Leuven

Posterprasentation:

.Iransition instead of transfer for drug treatment in
adolescent diabetes type 1*

ESCP Kongress in Heidelberg

Posterprasentation:

“Effective interventions for diabetes pa-tients by
community pharmacists — a me-ta analysis of
pharmaceutical care com-ponents.”

DDG-Kongress in Berlin (DDG-Nachwuchsstipendium)
Posterprasentation:

»A Meta-analysis of pharmaceutical care components for
diabetes patients”

ESCP Kongress in Ljubljana (Slowenien)
Posterprasentation:

Assessment of selected pharmaceutical care
components for coaching community pharmacists in
Medication Therapy Management (MTM) for patients with

diabetes
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e 22.11.2019 bis 23.11.2019 DGKPh-Kongress in Aachen (DGKPh Stipendium)
Posterprasentation mit dem Schwerpunkt praktische
Umsetzung des effektiven Medikations-managements:
.Proof of concept Studie ,EMDIA” - effektives
Medikationsmanagement fur Patienten mit Diabetes

mellitus Typ 2”
Kongresse auf nationaler Ebene

e 23.09.2015 bis 25.09.2015 DPhG Kongress in Dusseldorf
e 04.10.2016 bis 07.10.2016 DPhG Kongress in Miinchen
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