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Stellingen behorende bij het proefschrift 

Self-monitoriing of blood glucose in insulin-treated 

patients with diabetes 

1. De term 'zelfcontrole' zou veranderd moeten warden in 'zelfmeting' (ZMB: het 

Zelf Meten van de Bloedglucosewaarde) (dit proefschrift). 

2. Zelfcontrole zonder handen wassen moet worden afgeraden in situaties waarin de 

handen zichtbaar vuil zijn of in aanraking zijn geweest met een glucosehoudend 

product (dit proefschrift). 

3. (Meer aandacht voor de) Beleving van zelfcontrole is de sleutel tot een beter 

resultaat (dit proefschrift). 

4. Of een specifieke factor bevorderend of belemmerend is voor zelfcontrole hangt 

af van het perspectief van de individuele mens met diabetes (dit proefschrift). 

5. Niet de adviezen in de zelfcontrolerichtlijnen maar de daadwerkelijk gemaakte 

afspraken over zelfcontrole tussen de mens met diabetes en de zorgverlener 

moeten in onderzoeken warden meegenomen (dit proefschrift). 

6.. Stabiel en goed ingestelde melilsen met diabetes mellitus type 2 met een 

eenmaal daags insulinetherapie hoeven niet vaker dan eenmaal per maand een 

dagcurve te maken (dit proefschrift). 

7. Er is een a pa rte landelijke regeling nodig voor medisch ethische goedkeuring van 

onderzoek met patienten in de huisartsenpraktijk. 

8. Naast de PIF (proefpersonen informatie formulier) zou een POV (proefpersonen 

onderzoeksverslag met minimaal de algemene onderzoeksresultaten) verplicht 

gesteld moeten warden in onderzoeken die vallen onder de wet Medisch

wetenschappelijk onderzoek (WMO). 

9. Als leefstijl de oplossing is voor diabetes mellitus type 2, wat is dan het probleem? 

FEND, 2011. 

10. Als je het niet probeert, zal het je nooit lukken. ..-- .... � ... .. -·--- .. 

Desmond Tutu. 
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Cover of the thesis 

The sculpture on the cover is one of six monumental sculptures, made of granite. The 

sculptures are placed on the Dutch island Terschelling in the Waddenzee, and called: 

'Sculptures from the sea'. They are made by Yael Artsi, an artist from Israel. The sculpture 

on the cover refers to the 'islanders'. I have chosen this sculpture for various reasons. The 

sculpture may refer to a patient with diabetes. Two granite blocks, rugged and polished, 

could represent strict glycemic control and quality of life, and the patient has to find a balance 

between them. The granite round stone on top could represent a drop of blood, SMBG, 

that can be a tool to find the balance. The two upright stones could also refer to different 

healthcare providers, who support the patient (the whole sculpture) to find balance. Finally, 

Terschelling is a favourite place for me to go. Since childhood, I have visited it regularly. The 

Waddenzee gives new energy and inspiration, and therefore has contributed to my own 

balance during my PhD period. 

Voorkant proefschrift 

Het beeld op de voorkant van het proefschrift is een van de zes beelden van het kunstwerk 

'Beelden uit Zee'. De beelden zijn gemaakt van graniet en ze staan op Terschelling, een van 

de Nederlandse Waddeneilanden. Ze zijn gemaakt door Yael Artsi, een kunstenares uit 

Israel. Het beeld op de voorkant verwijst naar de 'eilanders'. lk heb dit beeld gekozen om 

verschillende redenen. Het beeld zou kunnen staan voor de mens met diabetes. Hij/zij zoekt 

balans tussen het bereiken en behouden van een strikte glucoseregulatie en een goede 

kwaliteit van !even, vertegenwoordigd door een ruwe en een gepolijste rechtopstaande 

steen. De ronde steen aan de bovenkant verwijst naar de bloeddruppel, de zelfcontrole, die 

kan bijdragen aan het vinden van die balans. De twee rechtopstaande stenen zouden ook 

kunnen verwijzen naar de verschillende zorgverleners, die samen de mens met diabetes 

(het gehele beeld) begeleiden in het vinden van de balans. Tenslotte kom ik al sinds mijn 

jeugd regelmatig op Terschelling. Het eiland en de Waddenzee geven mij nieuwe energie en 

inspiratie. Ze hebben daarmee bijgedragen aan het behouden van mijn eigen balans tijdens 

het promotietraject. 
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Introduction 

Diabetes is a metabolic disorder in which glucose metabolism is disturbed, affecting about 

366 million people in the world (1). In the Netherlands, 740.000 people were diagnosed 

with diabetes in 2007, and 90% of them had type 2 diabetes (2). In 2007, it was estimated 

that 1.3 million people will be known with diabetes in 2025. Recent estimates even show 

a higher figure: 1.6 million (unpublished data of the ZODIAC-stuy: the Zwolle Outpatient 

Diabetes project Integrating Available Care (3)). Diabetes without proper treatment can lead 

to both micro- and macrovascular complications and premature death (4). 

There have been many developments improving both treatment and outcome, but two 

very important milestones stand out for insulin-treated patients with diabetes. The first 

one was the discovery of insulin, which made it possible to treat patients with diabetes 

(5). The second milestone was the discovery of the blood glucose test strip in 1980. This 

made it possible for patients with diabetes using insulin therapy to monitor their blood 

glucose concentrations, to react to abnormal values, and to attempt to improve glycemic 

control (6). As a result of these developments, the classic healthcare professional-patient 

relationship changed considerably. The responsibility for daily diabetes treatment shifted 

from professional to patient, and the patient became more and more involved in the 

treatment process. The increase in possibilities for self-management needed and needs 

specific support en education: the diabetes specialized nurse became a new profession. 

The availability of insulin and the possibility of self-monitoring of the blood glucose (SMBG) 

were accompanied by results of a few very important studies in the last century: the Diabetes 

Control and Complication Trial in type 1 diabetes (7) and the United Kingdom Prospective 

Diabetes Study in type 2 diabetes (8). These studies demonstrated that improving glycemic 

control especially decreased the risk of microvascular complications, and, to a lesser degree, 

macrovascular complications. Based on these studies (amongst others), guidelines have 

been developed for diabetes care that focus on achieving stricter glycemic control and on 

the management of cardiovascular risk factors like hypertension and hypercholesterolemia. 

However, in daily practice, despite the efforts of patients and healthcare providers, optimal 

glycemic control is not always achieved. Furthermore, as result of ageing of the population, 

an increase in unhealthier lifestyle leading to more obesity, and developments in medical 

science, more and more people will have to live with one or more chronic diseases like 

diabetes. 

13 



Chapter 1 

To be able to provide high-quality care to all people with diabetes healthcare has undergone 

and will have to undergo changes. As mentioned before, one important aspect is that self

management has become a topical and relevant theme in healthcare (9). It is supposed 

that improving self-management will lead to more insight in the disease process, which in 

itself will lead to more motivation and compliance. A patient is also expected to take more 

responsibility for his or her life, including the disease. Furthermore, self-management can 

lead to more independency of healthcare providers and to better control of the disease (10). 

Therefore, improving self-management has become an important part of the updated Dutch 

Diabetes Care Standards (10). 

SMBG is an integral part of self-management in insulin-treated patients with diabetes. In this 

population, it is an important tool to improve glycemic control, and to detect hypoglycemic 

events (11-13). Most patients have to perform SMBG for a lifetime, and a part of them will 

have to test every day. SM BG includes an assessment of the capillary glucose concentration 

(self-measurement) as well as the interpretation of and responding to the readings {self

regulation). The goal is to achieve blood glucose concentrations according to the guidelines 

in order to prevent long-term complications, to be able to take adequate decisions in relation 

to diet, exercise, and medication, to evaluate the effects of these decisions, and to detect 

hypo- and hyperglycemia {14-16). 

It should be realized that SMBG is just one of the many daily self-care diabetes tasks. It is a 

complex process in which several steps can be identified (17). These steps are: 

1: Decision whether or not to perform a test. 

2: The measurement, including the finger prick. 

3: Interpretation of the reading. 

4: Action upon the reading. 

5: Appraisal. 

Furthermore, success is not guaranteed. Even performing SMBG regularly does not always 

lead to optimal glycemic control and/or quality of life. 

Studies concerning SMBG have focused mainly on the effectiveness of SMBG in patients 

with type 2 diabetes, not using insulin (18), with mixed and often negative results. Studies, 

for example the ROSSO-study {19,20), including both patients with type 2 diabetes not 

using insulin and patients with type 2 diabetes treated with insulin, suggested that SMBG 

decreased the risk of overall vascular complications and premature death. However, final 
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Introduction 

conclusions cannot be made, considering the uncontrolled design, the number of missing 

data, the change in pharmacological treatment during the study and regarding the outcome 

of other studies (21). Although the effectiveness of SMBG in insulin-treated patients in 

general has been proved (11,12), there are important aspects which need attention. It is 

unfeasible to tackle all these aspects of SMBG in one thesis. A few aspects were selected to 

be researched for this thesis. 

First, what are the consequences of using the first or the second drop of blood to acquire a 

reliable glucose concentration? Although this is a simple question, no proper studies have 

ever been performed to unravel this small but potentially important item regarding SMBG. 

This is in sharp contrast to the number of articles about blood glucose meters and SMBG in 

general. 

Second, the patient's point of view in the SMBG process is quite often neglected. This is an 

important point of attention, since gaining insight and discussing the patient's perspective 

on SMBG will potentially help to improve the proper use of this tool. 

Third, what frequency of SMBG should patients strive for, who have reached stable good or 

acceptable glycemic control? 

These three aspects are addressed in different guidelines with varying expert based and 

quite different recommendations. For example, the proper frequency of SMBG is frequently 

discussed between healthcare providers, but, unfortunately, this aspect has not been 

subject to sufficiently valid scientific research. This insufficient evidence allows for a healthy 

debate, but does not lead to evidence based answers. 

The aim of this thesis was to study these important, underexposed and sometimes neglected 

aspects of SMBG in patients with type 1 diabetes and insulin-treated patients with type 2 

diabetes. The aspects will be introduced and discussed separately in the different chapters. 

A short int�oduction to these chapters is given below. 

The use of the first or the second drop of blood for glucose monitoring (chapter 2-4) 

Patients and healthcare providers expect meters to provide high quality blood glucose 

measurements (22). They have to rely on the glucose readings. Unreliable readings may 

cause errors in insulin dose {23). Many efforts have been made to improve the quality 

of the glucose meters, and recently a new Quality Mark for self-test glucose meters was 

introduced (24). However, other aspects also need attention to get a reliable assessment of 

blood glucose concentrations. For example, should the first or the second drop of blood be 

15 
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used for glucose monitoring, or does that depend on specific situations? There is no general 

agreement in (international) SMBG guidelines about this aspect (15,25,26). Three studies 

were conducted and performed to address the following questions: 
• What happens in daily practice regarding the use of the first or second drop of 

blood? 
• Are there any relevant differences between the glucose concentrations in the first 

and in the second drop of blood? 
• What is the effect of soiled fingers on capillary glucose readings? 

• What is the effect of cleaning the soiled finger? 

What professionals recommend to patients and what patients do in daily practice was 

investigated in the first study (chapter 2). 

The second study investigated the influence on wiping a drop of blood on glucose 

concentrations measured by SMBG when having a finger soiled with sugar containing 

products, and the effects of cleaning the soiled finger with chlorhexidine in volunteers 

without diabetes (chapter 3). 

The aim of the third study was to investigate whether capillary glucose concentrations in 

patients with diabetes, as measured in the first and second drops of blood, differed 10% 

or more compared with a control capillary glucose concentration in different situations 

(chapter 4). 

Patients' perspectives on SMBG (chapter 5-6) 

Although SMBG is considered to be an indispensable tool to achieve strict glycemic control in 

insulin-treated patients with diabetes, many patients measure their glucose concentration 

less often than is recommended in guidelines (27-29). Studies show several barriers to 

perform SMBG such as pain, increased anxiety and depression, and complex treatment 

regimens (27,29-35). 

A deeper insight into perspectives of insulin-treated patients with diabetes can help 

professionals to support patients in improving self-management regarding SMBG (17, 

35,36). Therefore, a qualitative study was performed to explore patients' perspectives on 

SMBG, including barriers and facilitating factors (chapter 5). 

Based on the results of this study a comprehensive tool was developed to explore the 

perception of SMBG: the patient's Perception of Self-Monitoring of Blood Glucose scale 

16 
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(P-SMBG). The development and validation of the P-SMBG-scale in insulin-treated patients 

is described in chapter 6. 

Frequency of SMBG (chapter 7-8) 

An important aim of SMBG is to achieve good glycemic control in order to decrease the 

risk of long-term complications of diabetes. However, the optimal frequency and timing 

of SMBG are not known. As a result, clear evidence-based recommendations are lacking 

(14,16,37,38). Several studies investigated the adherence to SMBG guidelines among 

patients with diabetes by using questionnaires or databases on the distribution of blood 

glucose strips. The results of these studies show that patients do not perform SMBG on 

a regular basis, and patient adherence regarding SMBG guidelines is limited (29,39-41). 

However, it has to be pointed out, that the actual recommendations given by professionals 

to the patients were not investigated in these studies. To our knowledge, there are no 

previous reports describing the recommendations that are given by professionals in clinical 

practice concerning the frequency, number of measurements and timing of SMBG. 

Therefore, we have performed a cross-sectional descriptive study in healthcare providers in 

the Netherlands to investigate what they recommend concerning the frequency and timing 

of SMBG to patients with diabetes, who are in stable good glycemic control (chapter 7). 

Properly designed studies are necessary for giving a more evidence based advice on the 

frequency of SMBG. This motivated us to design a randomized trial. This trial investigated 

the effect of a specific frequency of SMBG on glycemic control and quality of life in patients 

with type 2 diabetes who are on one insulin injection daily (chapter 8). 

Chapter 9 and 10 discuss the findings of this thesis, together with some recommendations 

in English and Dutch, respectively. In chapter 11 and 12, a summary is given, again both in 

English and Dutch. 
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Chapter 2 

Abstract 

Objective 

This study investigated the advice given by diabetes educators in Europe, and the daily 

practice of Dutch patients with diabetes regarding the use of the first or second drop of 

blood and other aspects concerning self-monitoring of blood glucose (SMBG). 

Methods 

During a diabetes conference in 2009, 96 European diabetes educators (including 46 Dutch 

educators) completed a single-item questionnaire about the use of the first or second drop 

of blood for glucose monitoring. A self-reported questionnaire with 20 questions about 

performing SMBG was filled out by 111 patients from an outpatient diabetes clinic of a 

Dutch hospital. 

Results 

Patients were advised to wash their hands with water and soap and use the first drop of 

blood by 89% of the Dutch and 72% of other European diabetes educators, while 58% of the 

patients reported to do this. When the patient cannot wash the hands, 85% of the Dutch and 

52% of the other European educators advised to use the second drop of blood, while 26% 

of the patients reported always using the first drop without washing hands. Always using 

the side of the fingertip and using the lancet once, as advised in guidelines, was reported by 

only 41% and 55% of the patients, respectively. 

Conclusions 

There is no general agreement between professionals regarding the advice on aspects 

concerning SMBG. Patients also reported different acts in daily practice. Developing uniform 

international SMBG-guidelines, education, and repeated evaluation of the process of 

collecting an accurate blood sample are needed. 
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The Diabetes Control and Complication Trial (1) and the United Kingdom Prospective 

Diabetes Study (2) demonstrated that tight glycemic control significantly decreases the 

risk for long-term diabetes complications. Self-monitoring of blood glucose (SMBG) is an 

important tool to improve glycemic control in patients treated with insulin. The purpose of 

SBMG is to provide a timely and accurate assessment of capillary glucose concentrations in 

an individual in order to be able to take adequate diabetes management decisions in relation 

to diet, exercise, and medication (3-5). Effective monitoring of blood glucose depends on 

the meter quality and the user's technical abilities, for example, obtaining an adequate drop 

of blood, coding and using non-expired strips (4-6). 

In order to obtain a reliable capillary glucose reading, it is also important to know when 

to use the first or second drop of blood. There seems to be general agreement regarding 

the use of the first drop of blood for SMBG when users have washed their hands (4, 7-12). 

Only one guideline recommends always using the second drop of blood (13). However, in 

professional guidelines no recommendation is given for situations in which patients are not 

able to wash their hands (9,11,12). 

In addition, a consensus exists in professional guidelines regarding other aspects of SMBG, 

such as the use of the side of the fingertip, and the single use of a lancet for finger pricking, 

avoiding sore spots on the frequently used part of the finger, and lessening pain sensations 

(9-12,14-16). Other aspects like squeezing and disinfecting the finger are more controversial. 

The first objective of our study was to investigate what advice is given to patients by 

diabetes educators in Europe concerning the use of the first or second drop of blood for 

glucose monitoring. The second objective was to investigate what patients with diabetes 

in the Netherlands actually do in daily practice regarding this aspect and other aspects of 

SMBG such as squeezing and site of testing. 

Methods 

Design 

In this cross-sectional, descriptive study, written surveys were used to collect the data for 

both study objectives. The study in patients with diabetes was part of a larger study on 

SMBG, which was conducted at the same time. 
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Participants 

During the Federation of European Nurses in Diabetes (FEND) conference in 2009 in Vienna, 

diabetes nurses visiting the poster presentation of the FEND, or attending 'the FEND after 

conference' of the Dutch Association for diabetescare professionals (EADV) were asked to 

participate in this study. 

Patients with diabetes were recruited from the outpatient clinic of the Department of 

Internal Medicine of the Isa la Clinics in Zwolle, the Netherlands. The eligibility criteria were: 

diagnosed with type 1 or type 2 diabetes, treated with insulin, performing SMBG and older 

than 18 years of age. 

A total of 400 eligible patients received a letter with information about the study and an 

invitation to participate during their next outpatient clinic visit. Recruitment took place 

between September 2009 and February 2010. Approval for the study was obtained from 

the local medical ethics committee. All patients gave written informed consent. 

Data collection 

The diabetes educators completed a written questionnaire with one question: 'What advice 

do you give your patients with diabetes about the use of the first or the second drop of 

blood for SMBG?' Multiple answers were possible. 

Each patient completed a self-reported questionnaire with 20 questions. The items of the 

questionnaire were generated from several studies (4-8,14-16) and SMBG-guidelines (9-

12), and were checked for clarity, length and inappropriate use of jargon by two healthcare 

professionals. Anonymity was guaranteed. The questions were related to glycemic 

control (HbA1c), diabetes duration, duration and frequency of testing capillary glucose 

concentrations, insulin therapy scheme, acts before performing SMBG (including washing 

hands), and use of the first or second drop of blood. The patients were also asked which 

finger they punctured, which site of the finger they used, how many times they used a 

lancet for finger pricking, and whether they squeezed their finger to obtain enough blood. 

Squeezing was not further defined. Dichotomous and rating questions (with a scale from 

0 to 10) were used to investigate each aspect of SMBG, with 0 indicating "never" and 10 

indicating "always". Washing hands, for example, was investigated by a dichotomous (yes/ 

no) question ("Do you wash your hands before performing SMBG?"), combined with a rating 

question: asking the patient to report the frequency of this act. 
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Data-analysis 

Descriptive statistics included mean (standard deviation (SD)), and median (interquartile 

range). Normality was examined with Q-Q plots. The questionnaires were analyzed using 

frequency distributions. 

In the analyses, the item scores of the rating questions were divided into the following 

categories: never (score 0-2), sometimes (score 3-5), usually (score 6-7), and always (score 

8-10). SPSS software, version 15.0, was used for all the analyses. 

Results 

Professional advice 

Of the 98 invited diabetes educators, 96 participated in the study, including 46 diabetes 

educators from the Netherlands. Table 1 shows the nationality of the participants. 

Table 1. Educator survey: nationality of the diabetes educators 

Nationality (n=96} n % 

Austria 1 1 

Belgium 5 5 

Croatia 1 1 
Denmark 9 10 
England 8 9 
Finland 2 2 

(Northern) I reland 5 5 

Lithuania 5 5 
Norway 2 2 

Poland 4 4 

Sweden 7 7 

Switzerland 1 1 
The Netherlands 46 48 

In Table 2 an overview is given of all the different kinds of advice about the use of the first 

or second drop of blood for SMBG. Eighty percent of the diabetes educators advised their 

patients to wash their hands with water and soap and use the first drop of blood. The majority 

of the diabetes educators advised their patients to use the second drop of blood when these 

patients are not able to wash their hands. However, the Dutch educators gave this advice 

more often than the other European educators (85% and 52%, respectively). Furthermore, 

20% of the diabetes educators gave no advice when it is not possible for the patient to 
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wash the hands. One diabetes educator stated that the patient should not measure his/ 

her capillary glucose concentration in that situation. Eight percent of the educators stated 

that soap should not be used before glucose monitoring. Moreover, 13% of the educators 

advised to use the first drop without washing hands. Other kinds of advice were also given, 

for example, 11% of the diabetes educators advised patients to disinfect or lick the finger. 

Table 2. Educator survey: advice given by the diabetes educators about the use of the ist or 2nd drop 

of blood for glucose monitoring 

Advice European Dutch 
educators educators 

n=SO % n=46 % 
n n 

1. Wash with water + use the 1st drop 1 2 
2. Wash with water and soap + use the ist drop 12 24 3 7 
3. Wash with water and soap + use the 2nd drop 3 6 
4. Wash with water + use the 1st drop; no washing* + 4 8 2 4 
use the ist drop 
5. Wash with water + use the 2nd drop; no washing + 1 2 
use the 2nd drop 
6. Wash with water and soap + use the 1st drop; no 4 8 2 4 
washing + use the 1st drop 
7. Wash with water and soap + use the ist drop; no 13 26 33 73 
washing + use the 2nd drop 
8. Wash with water and soap + use the 2nd drop; no 6 12 2 4 
washing + use the 2nd drop 
9. Wash with water and soap, disinfect and/or lick the 5 10 2 4 
finger + use the ist drop; no washing + use the 2nd drop 
10. Wash with water and soap + use the 1st drop; no 2 4 1 2 
washing + disinfect or lick the finger + use the 2nd drop 

*'no washing' means: when washing hands is not possible 

Daily practice 

A total of 111 patients with diabetes participated in the study (response rate: 28%). The 

characteristics of the patients are listed in Table 3. Table 4 en 5 show the results of the 

questionnaire about the performance of SMBG in daily practice. Only 31% of all the patients 

washed their hands each time before they performed SMBG, and 26% never washed their 

hands and used the first drop for SMBG. Two patients always licked their finger and two 

other patients always disinfected their finger before performing SMBG. 
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Although all fingers were used for glucose monitoring, the middle and ring finger were used 

most frequently (66%-79%). Alternate site testing was not performed. Patients used both 

their fingertip and the side of their fingertip, and 21% of the patients reported that they 

always used their fingertip. Almost half of the patients used the lancet for finger pricking 

more than once. One in seven patients even used the lancet at least ten times. Squeezing 

the finger was reported by 69% of the patients to obtain an adequate drop of blood, and 

16% of the patients reported that they always squeezed their finger. 

Table 3. Patient survey: characteristics of the patients with diabetes (n=lll) 

Description 
Male 55 50% 
Age (years) 55 ± 13.4 
HbAlc (mmol/mol) 59 ± 14.0 
Type 1 diabetes 60 54% 
Diabetes duration (years) § 18 11,29 
Type of insulin therapy: 

ldd insulin 2 2% 
2dd insulin 9 8% 
4dd insulin 60 54% 
insulin pump 40 36% 

Duration of SMBG (years) § 14 10,22 
Frequency of SMBG 

Daily 74 67% 
1 - 2 days / week 14 13% 
3 - 5  days / week 6 5% 
1 - 4 days / month 11 10% 
variable 6 5% 

Data are mean ± SD or n (% of known data) 
§ Data are median (P25,P75) 
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Table 4. Patient survey: daily practice 

Acts 
Washing hands 

Yes 
Always* 

No 
Other acts: 
Licking the finger 

Always* 
Disinfecting the finger 

Always* 
Using the 1st or 2nd drop of blood 
1. Washing + using the ist drop 
2. Washing + using the 2nd drop 
3. Not washing + using the ist drop 
4. Not washing + using the 2nd drop 
5. Washing + using the ist drop and not washing + using the 1st drop 
6. Washing + using the ist drop and not washing +using the 2nd drop 
7. Washing + using the 2nd drop and not washing + using the 2nd drop 
8. Washing + using the 1st drop and not washing and other acts + 

using the ist drop 
9. Washing + using the 2nd drop and not washing and other acts + 

using the 2nd drop 

* Always indicates doing an act at least 8 out of 10 measurements 

Table 5. Patient survey: other aspects regarding SMBG 

Aspect n 
Which finger is used, left and right hand respectively 

Thumb 9 
Forefinger 43 
Middle finger 88 

Ring finger 87 
Little finger 46 
Other sites 0 

Site of testing 
Fingertip 72 

Always* 23 
The side of the fingertip 94 

Always* 46 
Squeezing the finger 

Yes 77 
Always* 18 

No 34 
Using the same lancet 

1 time 61 
2 - 4 times 26 
5 - 9  times 8 

10 times or more 16 

* Always indicates doing an act at least 8 out of 10  measurements 

28 

n % 

68 61 
34 31  

43 39 

11  10 
2 2 

9 8 
2 2 

18 16 
7 6 

29 26 
6 5 

34 31  
5 5 
4 4 
7 6 

1 1 

% n % 

8 8 7 
39 38 34 
79 74 67 
78 73 66 
41 41 37 
0 0 0 

65 
21 

85 
41 

69 
16 

31  

55 
24 
7 
14 
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Discussion 

There is no general agreement between professionals regarding the advice on washing 

hands, disinfecting the finger and the use of the first or second drop of blood for SMBG. 

In addition, the patients in this study used different SMBG procedures. Although there is a 

consensus in professional guidelines on the use of the side of the fingertip, and on the single 

use of the lancet for finger pricking, only 41% of the patients always used the side of the 

fingertip and only 55% of the patients used the lancet once. 

Many studies have been published on the topic of SMBG. Remarkably, only three studies 

investigated the use of the first or second drop of blood, even though this is a highly relevant 

aspect for patients with diabetes (7,8,17). Using the second drop of blood may necessitate 

deeper and more painful finger punctures (7). The studies concluded that the first drop of 

blood can be used for SMBG after washing the hands with water and soap (7,8). Using the 

first drop of blood without washing leads to unreliable glucose measurements (8,17). The 

glucose measurements were still unreliable after wiping away the first drop of blood from 

fingers exposed to sugar-containing products (8,17). In that case, the patient must always 

wash his/her hands for SMBG. When the fingers are not exposed to a sugar-containing 

product, the patients do not have visibly dirty hands, and washing is not possible, (only) the 

second drop of blood can be used for SMBG after wiping away the first drop of blood (8). 

So far, the advice given in the different guidelines for diabetes nurses to use the first drop of 

blood after washing the hands with water (and soap) is in concordance with the results of 

various studies (9,11,12). In most cases this advice is also given by the diabetes educators. 

However, only one third of all the patients actually always washed their hands before 

monitoring their blood glucose concentration. In the study conducted by Bergenstal et al., 

half of the patients reported washing their hands before testing (4). The American Diabetes 

Association (ADA) and Diabetes United Kingdom (UK) guidelines do not advise the use of 

soap. Patients can use soap, but all residual soap should be washed away. The reason for this 

is that residual soap on the skin can cause incorrect test results (11). 

In guidelines for professionals, no recommendation is given for situations in which patients 

are not able to wash their hands. This is probably partly the reason why diabetes educators 

gave such different kinds of advice in this situation. Nevertheless, use the first drop when 

washing is not possible was advised by 13% of the diabetes educators, and a quarter of the 

patients always used the first drop of blood without washing hands. 
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In guidelines for professionals there are different recommendations with regard to squeezing 

and disinfecting the finger (9,11,12). The studies which investigated squeezing the finger 

reported varying results (7,8). The conclusion of one study is that milking the finger still 

leads to correct capillary glucose readings (7). However, this study was conducted in a group 

of 10 volunteers without diabetes. Another study among patients with diabetes concluded 

that external pressure to the finger could lead to unreliable readings (8}. In the U K  guideline, 

the acts of squeezing and disinfecting are not mentioned (12). The ADA guideline advises 

patients to gently squeeze their finger (11). In the EADV guideline squeezing is not advised, 

because it may effect the readings (9). In daily practice however, more than two third of the 

patients squeeze their finger. 

Disinfecting is not advised in the ADA guideline, because alcohol can make the skin harder, 

and can affect readings. The EADV guideline advises disinfecting as well as washing, but the 

finger must be dry before glucose monitoring. Disinfecting was also advised by 10% of the 

European educators, and 8% of the patients stated they disinfected their finger. Although 

licking the finger is not advised in the guidelines, probably under the assumption that saliva 

or food residues might affect readings, 7% of the diabetes educators advised doing this and 

10% of the patients stated they licked their finger. 

All these guidelines advise to use the side of the fingertip, and to use a lancet only once. 

Although these acts do not affect the readings, they can lead to a less painful finger prick. 

However, in daily practice, 41% of the patients always use the side of the fingertip. This is 

in agreement with the findings of the study conducted by Koschinsky (15). Furthermore, 

only 55% of the patients in our study indicated they used a new lancet every time they 

performed SMBG. This is even more than the 10% of the patients found by Koschinsky (15). 

Lastly, the Diabetes U K  guideline advises not to use the forefinger and the thumb. 12 This is 

not mentioned in other guidelines. In daily practice, patients seem to use all fingers with a 

preference for the middle and ring finger. 

Our study investigated important and underexposed aspects of SMBG in daily practice. There 

are some limitations that need to be acknowledged and addressed regarding the present 

study. Diabetes educators who attended the FEND conference were asked to participate. 

Our study group is probably not a representative study group, because only well-educated 

diabetes specialist nurses, representing only a few European countries, participated in the 

study. Furthermore, only 28% of the eligible diabetes patients participated in the study. 
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This may well be because the study was part of a larger study on SMBG. Consequently, a 

non-response bias can not be excluded. Furthermore, the patients were recruited from an 

outpatient clinic, where many diabetes patients have intensive insulin therapy or insulin 

pump therapy. This decreased generalizability to other patient categories, for example 

patients with less intensive insulin regimens. 

Conclusion and implications 

This study shows that there are relevant differences in various SMBG guidelines, the advice 

given by the professionals, and in the acts of patients with diabetes in daily practice. SMBG 

is complex, and some aspects, such as using the first drop of blood without washing the 

hands, affect the reliability of the capillary glucose measurement. 

The results of this study have the following implications. The outcomes of this study can lead 

to an increased awareness among professionals about their teaching approach. Education is 

needed for healthcare professionals in all aspects regarding SMBG, based on the guidelines. 

Furthermore, it is important to regularly evaluate the process of collecting an accurate 

blood sample in order to identify current practice technique, and to assist in correcting any 

errors. The development of uniform international guidelines for SMBG, based on evidence 

as much as possible, is necessary. However, since well designed studies on this subject are 

scarce, more studies of good methodological quality are needed. 
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The influence of a soiled finger 

There are several aspects concerning self-monitoring blood glucose (SMBG), which can 

influence the outcome of the measurement (1). For example, there is no general agreement 

regarding the use of the first or second drop of blood for glucose monitoring. Our aim was to 

investigate the influence of wiping a drop of blood on glucose concentrations measured by 

SMBG when having a finger soiled with different sugar-containing products, and the effects 

of cleaning a soiled finger with chlorhexidine. 

Twenty-five non-diabetic adults participated. After they had washed their hands, their fingers 

were soiled with various sugar-containing products. The products used were dextrose, fru it, 

jam, honey, and chocolate paste. Glucose concentrations were determined in the first, second 

and third drop of capillary blood (intervention 1). Furthermore, measurements were done in 

one drop before and in two drops of blood after cleaning a soiled finger with chlorhexidine 

(intervention 2). All results were compared with a control measurement from a clean and 

dry finger. Glucose levels were determined with the Accu-Check Inform II (Roche, Almere, 

the Netherlands). The general linear model (GLM) with repeated measures (multivariate 

testing) was used to test for overall changes in glucose concentrations. Furthermore, using 

the 'simple' contrast, each concentration was compared with the control. 

Table 1 shows glucose concentrations in sequential drops of blood in different circumstances. 

In both interventions the highest glucose concentrations were found in the first drop of 

blood, with a significant decrease in sequential blood glucose concentrations from the 

first drop of blood to control (p=0.013 and p<0.0005, respectively). In 53% of the cases in 

intervention 1 and in 34% of the cases in intervention 2, the blood glucose concentration 

in the third drop of blood was still more than 10% higher than the control measurement. 

Table 1. Glucose concentrations in different sequential drops of blood 

ist drop 

Median, 10.7 
Ranges (4.8-33.3) 
Absolute 
difference vs 5.2 

Intervention 1 
2nd drop 

6.2 
(4.5-24.1) 

0.9 

3rd drop 

5.8 
(4.3-15.3)  

0.6 

Intervention 2 
Measurement ist drop 
before cleaning 
8.4 5.9 
(5.4-33.3) (4.3 -33.3) 

3 .2 0.8 

2nd drop 

5.4 
(4.4-6.9) 

0.2 
control; (0.0-28.6) (-1.0-19.0) (-0.9-10.0) (-0.5-28.6) (-0.3-28.2) (-1.1-1.6) 
median 
> 10% higher 89% 63% 53% 87% 63% 34 % 
vs control 

N = 25; glucose in mmol/L; median (interquartile ranges) 

control 

5.1 
(4. 3-7.3) 
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In the literature only one study describes the difference between glucose concentrations 

in the first and the second drop of blood (2). This study showed no differences between 

the readings. The study was conducted in volunteers without soiled fingers, however. 

Soiled fingers can have great effect on blood glucose readings. Our study shows that it 

is difficult to clean the fingers properly. A new study has to be performed to investigate 

aspects concerning SMBG in people with diabetes. In the meantime, the results of our study 

emphasize the potential inaccuracy of SMBG, even when measuring in the second or third 

drop of blood, and even after cleaning the finger with chlorhexidine. 
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Abstract 

Objective 

There is no general agreement regarding the use of the first or second drop of blood for 

glucose monitoring. This study investigated whether capillary glucose concentrations, as 

measured in the first and second drops of blood, differed �10% compared with a control 

glucose concentration in different situations. 

Methods 

Capillary glucose concentrations were measured in two consecutive drops of blood in 

the following circumstances in 123 patients with diabetes: without washing hands, after 

exposing the hands to fruit, after washing the fruit-exposed hands, and during application of 

different amounts of external pressure around the finger. The results were compared with 

control measurements. 

Results 

Not washing hands led to a difference in glucose concentration of �10% in the first and in 

the second drops of blood in 11% and 4% of the participants, respectively. In fruit-exposed 

fingers, these differences were found in 88% and 11% of the participants, respectively. 

Different external pressures led to �10% differences in glucose concentrations in 5% - 13% 

of the participants. 

Conclusions 

We recommend washing the hands with soap and water, drying them, and using the first 

drop of blood for self-monitoring of blood glucose. If washing hands is not possible, and 

they are not visibly soiled or exposed to a sugar containing product, it is acceptable to use 

the second drop of blood after wiping away the first drop. External pressure may lead to 

unreliable readings. 

40 



First or second drop of blood for SMBG? 

Introduction 

Self-monitoring of blood glucose (SMBG) is an important part of diabetes care. The purpose 

of SBMG is to provide a timely and reliable assessment of blood glucose concentrations in 

an individual in order to be able to make adequate decisions in relation to diet, exercise, and 

medication (1,2). 

There are several aspects concerning SMBG, that need attention. For example, there is no 

general agreement regarding the use of the first or the second drop of blood for glucose 

monitoring. In the Netherlands, there are three different recommendations. Firstly, using 

the first drop of blood after washing the hands with soap and water or after disinfecting 

the finger and waiting until the finger is dry (3). Secondly, using the first drop of blood after 

washing the hands with soap and water, and using the second drop of blood when the 

patient has not washed the hands (4). Thirdly, always using the second drop of blood after 

washing the hands with soap and water (5). Furthermore, in one of these recommendations 

patients are advised not to squeeze the finger to obtain a drop of blood, as this could 

potentially influence the blood glucose concentration (3). 

To address the questions raised by these different recommendations, we conducted a study 

with a cross-sectional design to investigate whether capillary glucose concentrations, as 

measured in the first and second drops of blood, differed 10% or more compared with a 

control capillary glucose concentration, in the following situations: 

1. without washing hands 

2. after handling fruit 

3. after washing the fruit-exposed fingers 

4. during the application of different amounts of external pressure around the finger 

(squeezing) 

Research Design and Methods 

Participants 

Patients were recruited from the outpatient clinic of the Department of Internal Medicine 

of the Isa la Clinics in Zwolle, the Netherlands. Eligibility criteria were a diagnosis of type 1 or 

type 2 diabetes, treated with insulin, SMBG and age >18 years. 
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Eligible patients received a letter with information about the study and an invitation to 

participate at their next outpatient clinic visit. Recruitment took place between September 

2009 and February 2010. Approval for the study was obtained from the local medical ethics 

committee. All patients gave written informed consent. 

Data on glycaemic control and body mass index (BMI) were collected from hospital records, 

and the hematocrit value was assessed. 

Intervention 

Capillary glucose concentrations for two consecutive drops of blood were measured in four 

different circumstances: 1), without washing hands, 2), after handling with fruit, 3), after 

washing the fruit-exposed hands, and 4), during the application of different amounts of 

pressure around the finger. All capillary blood glucose concentrations were determined 

without squeezing ('milking') except in the intervention where this aspect was investigated. 

All glucose measurements were non-fasting, and were performed at times, depending on 

scheduled outpatient clinic visit. 

Description of the interventions 

Intervention 1 :  not washing hands 

The participant arrived at the research setting and did not wash the hands prior to the 

first finger puncture. The capillary blood glucose concentrations were determined from the 

first and second drops of blood, and the puncture site was wiped by a tissue in between 

obtaining the first and second drops. 

Intervention 2: finger exposed to fruit 

The participant washed the hands with soap and water and dried them. The participant then 

handled either an apple or a banana. This fruit is generally used in the Dutch population. 

The participant either cut a part of an apple (jonagold) into three pieces with a knife and 

broke the pieces into two smaller pieces with the hands, or peeled a piece of a ripe banana 

and broke the piece into two smaller pieces with the hands. After handling the fruit, the 

capillary blood glucose concentrations were determined in the first and second drops of 

blood, and the finger was wiped off with a tissue in between obtaining the two drops. 
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Intervention 3: washing the fruit-exposed finger 

As in intervention 2, the participant's other forefinger was exposed to a piece of fruit. The 

participant then washed the hands with soap and water and dried them. The tests were 

repeated. 

Intervention 4: different external pressures 

The participant washed the hands with soap and water and dried them. The cuff of the 

hand blood pressure meter was put around the middle phalanx of the middle finger. The 

pressure was increased to 240 mmHg. Immediately, a finger puncture was performed and 

the capillary glucose concentration was determined in the first and in the second drops of 

blood, again wiping the finger with a tissue in between the two drops. Thereafter, the finger 

cuff was put around the middle phalanx of the ring finger of the same hand. The cuff was 

inflated to 40 mmHg. A finger puncture was performed after 1 minute, to achieve venous 

stasis, and the tests were repeated. 

Control measurement 

The patient washed the hands with soap and water and dried them. A finger puncture was 

performed. A mean capillary blood glucose concentration was obtained by averaging the 

result obtained from the first and second drops of blood (the finger was wiped off after 

the first drop was obtained). This result was used as the control after instrument combined 

with strip and performance bias were excluded. A separate control was calculated for each 

of interventions 1, 2, and 3 with the control for intervention 1 being performed after the 

intervention, and the control for intervention 3 also being used for intervention 4. 

Time interval during measurements 

Capillary glucose measurements were performed directly following the finger puncture with 

a maximum delay of 90 seconds between measurements. 

Measuring equipment 

All capillary glucose values were determined with the Accu-Chek Compact plus meter with 

plasma calibrated test strips (Roche, Almere, the Netherlands). A Speidel and Keller hand 

blood pressure meter was used to achieve different external pressures. The regular cuff was 

replaced by a neonatal cuff. One of two available sizes was used, depending on the thickness 

of the finger (Philips, Ml866A neonatal disposable cuff #1, and M1868A neonatal disposable 
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cuff #2). The meter was calibrated prior to the start of the study as well as halfway through 

the study. No significant changes were observed. 

Statistical analyses 

Descriptive statistics include mean (standard deviation (SD)), and median (interquartile 

range). All data were reviewed for normality using Q-Q plots and parametric and non

parametric tests were used as appropriate. The Wilcoxon signed rank test was used to test 

for differences in glucose concentrations. Bland-Altman plots were produced and intraclass 

correlation coefficients were calculated for assessing agreement between measurements 

and for the reliability of the control measurement (6). 

A difference of �10% between control and intervention values or a difference of 0.82 mmol/L 

in case of a glucose concentration <4.2 mmol/L was considered to be clinically relevant. An 

intervention was considered to lead to reliable readings when 95% of the readings were 

within 10% differences. The 10% is based on the External Quality Assessment Scheme 

(SKML) - Quality Mark for self-test glucose meters- assessing analytical quality and technical 

quality (7). The total allowable error in the quality mark is 9.4%, based on the inter- and 

intraperson variation concept of Fraser and Peterson (8). 

Clarke error grids were used to investigate how often the outcome would lead to a different 

interpretation and/or action (9). They were originally developed to evaluate the accuracy of 

capillary blood glucose testing systems using a relevant difference of 20% between reference 

and measured values. For the study, the error grids were adapted to the 10% differences. 

The grid is subdivided into five zones: A, B, C, D, and E. Zone A represents values that differ 

from the reference value by less than 10%. Zone B represents values that differ >10% from 

the reference value. Results in zone A and B will lead to the same treatment decision. Zone 

C represents values that would result in overcorrecting acceptable glucose values. Zone 

D represents values that are erroneously uncorrected, and zone E represents values that 

would result in the inverse treatment. 

To detect a 10% difference between the glucose concentrations with a power of 90%, alpha 

0.025 (one-sided equivalence test), a total sample size of 100 participants is required. SPSS 

software, version 15.0, was used for all the analyses. 
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Results 

The study population consisted of 123 patients; 63 (51%) were men, 66 {54%) were patients 

with type 1 diabetes. Mean age was 54.4 years (SD 14.2), mean HbA1c was 59 mmol/mol 

(SD 14) (or 7.5% SD 1.3) and mean BMI was 29 kg/m2 (SD 6.2). Mean hematocrit values were 

0.45 L/L (SD 0.05). All values were within the hematocrit ranges of the Accu-Chek Compact 

plus meter (0.25 - 0.65 L/L) 

Control measurements 

Intraclass correlations of the first and second drops of blood of the three control 

measurements were 0.996, 0.995 and 0.996, respectively. In 2 - 4% of these three control 

measurements the second drop of blood differed 10% or more compared with the first drop 

of blood. 

Table 1 shows median and interquartile ranges of the glucose concentration in various 

testing sequences in different circumstances. 

Table 1. Glucose concentrations in different sequential drops of blood 

Not washing hands (n=123) 
Washing hands (n=123) 
Finger exposed to fruit, no washing (n=122) 
After washing the fruit-exposed finger (n=121) 
Pressure 40 mmHg (n=102) 
Pressure 240 mmHg (n=102) 

First drop 
8.9 {6.4 - 12.6) 
8.5 (6.3 - 12.2) 

15.0 {10.5 - 21.7) 
8.4 (6.3 - 11.9) 
8.4 (6.1 - 11.9) 
8.3 (6.1 - 11.6) 

Second drop Control 
8.9 (6.5 - 12.2) 8.6 (6. 1 - 12.2) 
8.7 (5.9 - 12.2) 8.6 (6.1 - 12.2) 
8.9 (6.5 - 12.5) 8.9 {6.4 - 12.2) 
8.3 (6.4 - 12.0) 8.5 (6.2 - 12.0) 
8.2 (5.5 - 11.4)* 8.5 (6.2 - 12.0) 
8.4 (5.9- 11.1)** 8.5 (6.2 - 12.0) 

Data are median (interquartile ranges). Glucose is in mmol/L; * n=96; **n=l00 

Intervention 1: not washing hands 

Not washing hands led to a �10% difference in glucose concentrations compared with the 

control measurement in the first and in the second drops of blood in 11% (p<0.001) and 4% 

(p<0.001) of the participants, respectively. Two glucose concentrations in the first drop of 

blood were even more than 20% higher than the control measurement (figure 1A). Wiping 

away the first drop led to 96% of the values within the 10% differences (figure 1B). 
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A 1 st drop. no washing B 2nd drop. no washing 
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Figure 1. The deviation in glucose concentrations of the first (A) and second (B) drops of blood when 
the patient had not washed the hands vs control measurement. 

Intervention 2: fruit-exposed finger 

Exposing the finger to fruit led to 10% or higher glucose concentrations in the first drop of 

blood in 88% of the patients (p<0.001) compared with control measurements. Wiping the 

first drop away with a tissue improved readings considerably. In 11% of cases, however, the 

glucose readings from the second drop of blood were still �10% higher than the control 

measurements (p<0.001). 

Intervention 3: washing the fruit-exposed finger 

After washing their hands with soap and water, 4% (p<0.001) and 5% (p=0.189) of the 

participants showed a difference of �10% in the glucose concentrations compared with 

controls, respectively. 

Figure 2 shows modified Clarke error grids of fruit-exposed fingers and after washing fruit

exposed fingers. In the intervention with fruit-exposed fingers 11 glucose concentrations 

were higher than 33.3 mmol/L. Thirty-eight percent of the capillary glucose points of the 

fruit-exposed fingers were in zone C, which would result in an overcorrection of acceptable 

glucose concentrations. Wiping away the first drop of blood from the fruit-exposed finger 

led to one point falling in zone C and 11% in zone B. Washing the fruit-exposed fingers with 

soap and water led to 95% of glucose concentrations falling within zone A. 
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A exposed fingers; 1 st drop B exposed fingers; 2nd drop 
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Figure 2. Modified Clarke Error grids of fruit-exposed fingers and after wash ing fruit-exposed fingers. 

Intervention 4: different external pressures 

Figure 3 shows the deviation between the glucose concentrations for different pressures. 

The deviation between the glucose concentrations and control measurements increased 

when the pressure was increased. Pressure with 40 mmHg led to �10% differences in 

glucose concentrations compared with the controls in the first drop and second drops of 

blood in 5% (p=0.055) and 10% (p=0.009) of the participants, respectively. Pressure of 240 

mmHg led in 12% (p=0.018) and 13% (p=0.217) of the participants to �10% differences in 

glucose concentrations in the first and second drops of blood compared with the controls, 

respectively. 
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A 1 st drop 40 mmHg 
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Figure 3. The deviation in glucose concentrations of the first and the second drops of blood vs control 
measurement for different pressures. 

Blood glucose concentrations in fingers of different hands 

When the measurements were performed at the same time in fingers of different washed 

and dried hands, only one glucose concentration (1%) differed �10% (data not shown). 

Conclusions 

The first drop of blood can be used for self-monitored glucose testing, but only after washing 

hands. If washing hands is not possible, and they are not visibly soiled or exposed to a 

sugar-containing product, it is acceptable to use the second drop of blood after wiping away 

the first drop. It does not matter which finger is used for glucose measurements. External 

pressure may lead to unreliable readings. 
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Many insulin-treated patients have to perform SMBG for a lifetime, a part of them every 

day. Discarding the first drop of blood and refraining from squeezing the finger make 

measurements more complex and necessitates deeper and more painful punctures. 

International guidelines and studies about SMBG, e.g. the American Diabetes Association 

(ADA) and the Diabetes UK guidelines, recommend using the first drop of blood after washing 

the hands (10-12). Some also allow squeezing or 'milking' the finger. The manufacture's 

instructions of the meter used in the study, include washing hands with warm water and 

soap, and dry the hands. The first drop of blood can be used after gently squeeze the finger. 

In daily practice patients cannot or do not always wash their hands before performing SMBG 

(1). In international guidelines these situations are not discussed. 

Only two studies investigated the differences between glucose concentrations in the 

first and the second drops of blood. Both of these studies, however, involved volunteers 

without diabetes. In one study of 53 volunteers, no differences were found in the readings 

when the hands were clean (13). Glucose readings for 25 volunteers in the other study 

were shown to be greatly affected when the fingers were exposed to glucose (i.e. fruit). 

Even the third drop of blood cannot be used in these cases (14). Our study also shows that 

the first drop of blood should not be used when the patient has not washed the hands. 

Using the second drop of blood leads to reliable values when the finger is wiped by a tissue 

in between obtaining the two drops. However, this does not apply to fingers exposed to 

glucose products as the glucose concentrations in the second drops still differed �10% from 

the control measurements in 11% of the patients. Therefore, patients should always wash 

their hands when they have touched a sugar-containing product. 

Fruhstorfer and Quarder (13) also investigated the influence of milking the finger in 10 

volunteers without diabetes, and concluded that milking the finger gives correct glucose 

values. In our study we used two pressures to explore whether there would be any influence 

on the capillary glucose concentration. Venous stasis is achieved with a pressure of 40mm 

Hg. A pressure of 240 mmHg is above the systolic pressure of the participants. Our study 

shows more deviation between the glucose concentrations with the higher pressure. 

The differences used in this study are more strict than the 20% difference in the International 

Organization for Standardization (ISO) standard (15) or the 15% difference or a difference of 

1 mmol/L in cases when the glucose concentration is < 6 mmol/L in the Dutch guideline (16). 

Patients expect meters to provide high analytical quality of blood glucose measurements 

(17). Furthermore, these differences may cause errors in insulin dose when using strict 

insulin algorithm (18). Based on the article by Jansen and Slingerland (7), a difference of 

10% cannot be neglected. 
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A standardized method of squeezing in daily practice is difficult because the necessity 

for squeezing varies strongly between persons, depending on the structure of the skin. A 

limitation of our study is that the method of squeezing does not fully mimic daily practice, 

so the results should be interpreted with some caution. The strength of the study is that 

a standardized method of squeezing was used. The use of one meter by one experienced 

person limited variability. On the other hand it limits generalization of the findings to other 

equipment. There are several aspects, which could affect readings, such as the time of the 

last insulin dosage. Therefore, a separate control measurement was performed for each 

intervention. The time interval between measurements was maximal 90 seconds, but 

in most of the interventions the time interval was 30-60 seconds. Using this design it is 

not likely that these aspects have relevantly influenced the results. However, we cannot 

completely exclude an effect of this time delay. Multivariate analyses show that in none of 

the interventions, sex or HbAlc had a statistical significant influence on the results. Finally, 

because of the selection of the patients, the results cannot be generalized to the hospital 

setting. 

Our study investigated important and underexposed aspects concerning SMBG in people 

with diabetes to acquire a reliable glucose concentration. Based on this study the first choice 

is to wash the hands with soap and water, dry them, and to use the first drop of blood for 

SM BG. If washing hands is not possible, and they are not visibly soiled or exposed to a sugar

containing product, it is acceptable to use the second drop of blood after wiping away the 

first drop. Firm squeezing of the finger should be avoided. 
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Chapter 5 

Abstract 

Objective 

Self-monitoring of blood glucose (SMBG), including self-regulation, is an important tool to 
achieve good glycemic control. However, many patients measure their glucose concentrations 
less often than is recommended. This study investigates patients' perspectives of SMBG and 

all relevant aspects influencing SMBG in patients with type 1 and insulin-treated type 2 
diabetes. 

Methods 

In-depth interviews were conducted with 13 patients with type 1 diabetes from an 
outpatient clinic and 15 patients with type 2 diabetes from general practices. All interviews 
were transcribed verbatim and analyzed using the Grounded Theory approach. 

Results 

A wide variety of SMBG was encountered. Perceptions, goals of SMBG and personal and 
contextual factors were identified, influencing the respondents' perspective of SMBG, and 

leading to this variety. Respondents experienced a discrepancy between their own and the 
professionals' perceptions and goals. Respondents' perception of SMBG ranged along a 
continuum from 'friend' to 'foe'. With respect to the goals, the respondents experienced 

tension between achieving good glycemic control and quality of life, and deliberately made 
their own choices. The performance of SMBG was tailored to their perceptions and personal 
goals. Personal and contextual factors such as hypo- or hyper (un)awareness, knowledge, 
and contact with professionals acted either as facilitating factors or barriers to SMBG, 
depending on the respondent's perspective. A SMBG model was developed providing a 

representation of the factors and their interrelations. 
Respondents with type 1 diabetes seemed more resigned to their situation and SMBG was 
more integrated into their lives. 

Conclusions 

From the patient's perspective, professionals positively present SMBG as a 'friend' in order 

to achieve strict glycemic control. Whereas patients can also perceive SMBG as a 'foe'. 

They primarily seek a personal balance between achieving glycemic control and quality of 
life, leading them to deliberately make other choices regarding SMBG performance than 
was recommended. Gaining insight and discussing all factors affecting SMBG will help 
professionals and patients come to mutually agreed goals and to tailor the performance 

of SMBG to the individual patient. This should result in a more optimal use of SMBG, an 
improved quality of life, and improved clinical parameters. 
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Background 

The Diabetes Control and Complication Trial (1) and the United Kingdom Prospective 

Diabetes Study (2) demonstrated that strict glycemic control significantly decreases the 

risk of long-term diabetes complications. In order to obtain good glycemic control, self

monitoring of blood glucose (SMBG) is essential in insulin-treated patients with diabetes (3-

5). SMBG includes an assessment of the capillary glucose concentration (self-measurement) 

as well as the interpretation of and responding to the readings (self-regulation). The 

goal of SMBG is to achieve blood glucose levels as near to normal as possible in order to 

prevent long-term complications, to be able to take adequate decisions in relation to diet, 

exercise, and medication, to evaluate the effects of these decisions, and to detect hypo- and 

hyperglycemia (6,7). 

Many patients, however, monitor their blood glucose less than is recommended by their 

healthcare provider (8-10). Quantitative research shows several barriers to SMBG. These 

include a longer duration of the disease, pain, low self-efficacy, low self-esteem, increased 

anxiety and depression, alcohol abuse, smoking, complex treatment regimes, decreased 

social supports, poor communication between patients and healthcare providers, lack 

of education, and lack of health insurance (8,10-16). Qualitative research on patients' 

perspectives on SMBG, including the barriers and facilitating factors is scarce (17-20). In these 

studies other barriers to SMBG have also been identified such as an increased awareness 

of their diabetes, physical discomfort, not understanding the relationship between SMBG 

values and the behavior of the patient, not knowing how to correctly respond to the glucose 

readings, and being in poor glycemic control. However, in most of these studies the focus is 

mainly on patients with type 2 diabetes, not treated with insulin. 

More qualitative research is needed to increase the insight into perspectives of SMBG in 

insulin-treated patients with diabetes. These insights can help professionals support the 

patients in their self-management regarding SMBG (16,20,21). 

The objective of this qualitative study is to investigate the perspectives of patients with type 

1 and insulin-treated type 2 diabetes regarding SMBG, including the barriers and facilitating 

factors in performing SMBG, and whether differences in perspectives exist between patients 

with type 1 and type 2 diabetes. 
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Methods 

Our intent was to move beyond description and to identify and explain factors which 

affected the patients' perspectives of SMBG. The grounded theory approach provides a 

methodological framework to develop theory, including a model, that interprets the data 

(22-24). 

Patients 

Patients with type 1 diabetes were recruited from the outpatient clinic of a general hospital 

in the Netherlands, and patients with type 2 diabetes from general practices in the same 

region (lsala Clinics Zwolle, the Netherlands). Eligibility criteria were: a diagnosis of type 1 

or type 2 diabetes, treated with insulin, SMBG carried out for a minimum of one year, Dutch 

speaking, and over the age of 18. 

The initial selection focused on building a patient population with as much variation as 

possible in the factors relating to SMBG. Physicians and diabetes specialized nurses were 

asked to select patients who differed in age, gender, living status, education, type of 

diabetes, insulin therapy, duration of SMBG, and employment. When the patient expressed 

an interest in participation, printed information was provided. The researcher then followed 

up by telephone to answer any remaining questions and to make an appointment with the 

patient. The patient population ultimately consisted of 28 patients, 13 patients with type 1 

and 15 patients with type 2 diabetes. The demographic and background characteristics of 

the patients are presented in Table 1. 

The patients were informed that their anonymity was guaranteed and that all information 

gathered would be confidential by disassociating the patient name from the data. Each 

patient received a research number, and the data were saved under this number. Approval 

for the study was obtained from the Medical Research Ethics Committee of the Isa la Clinics 

in Zwolle. All patients provided written informed consent. 
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Table 1. Characteristics of the patients 

Description 
Male 
Age (years) 
Marital status 

Married/cohabiting 
Single 

Education: 
Lowa 

Middleb 

Highc 

HbAlc (mmol/mol) 
Diabetes duration (years) 
Type of insulin therapy: 

1 insulin injection per day 
2 insulin injections per day 
4 insulin injections per day 
insulin pump 

Duration of SMBG (years) 

DM 1 (n=13) 
5 

45 (40-58) 

11 

2 

3 
8 
2 

57 (55-63} 
19 (13-28) 

3 
10 

19 (13-24) 

Data are n or, due to skewed distribution, median (P25,P75) 
alow: primary school, lower secondary general, lower vocational 
bMiddle :  higher secondary general education, intermediate vocational 
cHigh: higher vocational education, university 

Data-collection 

Perspectives on SMBG 

DM 2 (n=lS) 
8 

71 {60-76) 

11 
4 

10 

5 

58 (53-66} 
11 (5-16) 

7 
3 
5 

8 (4-13) 

Data were collected through the conduction of one-time open in-depth interviews, guided 

by a topic list. This topic list was compiled based on literature, including the General Self

management Model which is based on the Chronic Care Model (25,26) as well as topics 

gathered during two focus group meetings. These meetings were held with patients who 

attended the same outpatient diabetes clinic in a hospital setting. The first group consisted 

of eight patients with type 1 diabetes: five men and three women with a median age of 

52 years ( Interquartile range ( IR):37-61), and a median diabetes duration of 25 years 

( IR:5-39). The second group consisted of eight patients with type 2 diabetes: four men and 

four women with a median age of 68 years (IR:48-76), and a median diabetes duration 

of 10 years (IR:9-16). The focus group interviews were led by the principal researcher 

(JH) and a psychologist (WSW). These interviews also increased the principal researcher's 

preparedness to conduct the individual interviews. Focus group patients were not included 

in the individual interviews. 

The following topics were incorporated in the individual interviews: the frequency of SMBG, 

its goals, the effect on daily life, knowledge, patient skill level, confidence in self-care, living 
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with diabetes, the patient's contribution to treatment, the role of relatives, the role of 

healthcare providers, as well as any barriers and facilitators for performing SMBG. 

The question posed to the patients to initiate the in-depth, open interviews was: 'What does 

it mean to you to perform SMBG?' A non-judgmental atmosphere was strived for with a 

clear emphasis placed on the fact that the investigator was there to learn from the patients. 

As the study progressed, the focus of the interviews shifted toward the specific issues which 

were identified throughout the data analysis. Theoretical sampling continued until no new 

ideas arose which were of value to the developing theory, and saturation was reached. 

The interviews were held either at the patient's home, at the lsala Clinics or at the general 

practice according to the patient's preference. They were conducted by the principal 

researcher, an experienced nurse specialized in diabetes (JH). She had had no prior 

professional contact with the patients. 

Data-analysis 

Interviews were tape-recorded and transcribed verbatim .  MAXqda 2007 was used for 

the analysis of the interview data. The data-analysis consisted of three phases of coding 

(22-24}: initial coding by breaking down the data (open coding), reconnecting the broken 

data into categories (axial coding), and interconnecting the categories into a model that 

represents the factors related to the patients' perspectives of SMBG (selective coding). 

The coding and categorising involved constant comparison. The principal researcher coded 

and categorised the data. Three other researchers individually read the interviews and the 

coding results, and/or were involved in developing the theory. The researchers had different 

backgrounds, and therefore contributed to alternative perspectives, thereby preventing 

going native. During meetings, consensus about the coding, categories and the developing 

theory was achieved. This researcher triangulation procedure served to increase the depth 

of the analysis and established increased validity. Memos were used in which the ideas 

were written down about the evolving theory. Validation was enhanced by member check 

and peer review. Four of the respondents were asked to verify the written summary of 

their interviews. All four confirmed that the summaries were a fair representation of their 

perspectives. Provisional conclusions and theoretical insights were discussed with a person 

from the Dutch Diabetes Association and a diabetes specialized nurse. 
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Results 

The respondents' perceptions, their goals, and several personal and contextual factors were 

identified as important factors which affected the patients' perspectives of SMBG. These 

factors led to a wide variety of performances, and did prove to be interrelated. In Figure 1, a 

SMBG model is presented which represents the respondents' perspectives, the influencing 

factors and how they interrelate. Our analysis revealed that the difference in perspectives 

between men and women was that feelings of shame towards healthcare providers about 

'poor' readings were only reported by women. First, a description of SMBG in daily practice 

is provided followed by a review of the factors. 

! 

Goals of SMBG: 
-glycemic control 
-quality of life 

Perceptions of SMBG: 
'friend ' ---------- 'foe' 

I 
Personal factors 

Contextual factors 

Figure 1. Model Self-monitoring of blood glucose 

Variety in SMBG performance in daily practice 

l 
Performance of SMBG: 
-frequency 

� -measuring 
-actions 
-evaluation 

/ 

The individual performance of SMBG differed with respect to frequency, timing, the actual 

measurement, interpretation of the readings, the resulting action taken, and an evaluation 

of the outcome. The respondents made their own choices regarding the performance, 

and they had their own reasons and logic for the choices they made. A wide variety in 

SMBG performances was seen in this study as a result. Fifteen respondents reported that 

their frequency of SMBG use was according to the recommendations provided by their 

healthcare provider, three respondents reported a lower frequency, three respondents 

reported a higher frequency, and seven respondents reported that they had received no 
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specific recommendations. In addition, a majority of all the respondents reported that their 

frequency and timing of SMBG varied from day to day. 

'I measure my blood sugar every morning. If it's a bit low, around 6 or so, and I 

know that I don't have a lot planned for the day, then I don't worry about it. If we 

are going out somewhere, however, then I think about what we are going to do, 

and I measure it more often, and I will already have an extra slice of bread in the 

morning. I think ahead. I don't like feeling hypoglycemic. I want to prevent that. 

Even, if I am just going somewhere by car, I will do an extra measurement. Imagine 

if I was to get an hypoglycemia. There are already enough people in the ditch.' 

Respondents differed in their interpretation of the readings, the subsequent actions 

taken, and their evaluation of the outcomes of these actions. For example, a high glucose 

concentration could lead the patient to adjust the insulin dosage, change the food intake, 

contact the healthcare provider or to take no action and adopt a wait-and-see policy. 

'I had the self monitoring glucose meter, but I didn't do a lot with it. I figured that 

things were actually going pretty well. I measured my blood sugar about once per 

month, and if the results were good, then I thought: things are fine. If the results 

were not good, then I thought: well, what can I do about it? I don't know. I was 

being followed by both my family doctor and a nurse specialized in diabetes. My 

weight was good, I didn't have too much belly fat, . .. so I figured that things were 

going all right. So I just waited to see what the next month's results would bring.' 

The perception of SMBG: a continuum between 'friend' and 'foe' 

Some respondents perceived SMBG as a 'friend', giving them confidence, freedom, certainty 

and peace of mind. It helped them to achieve their personal goals including good glycemic 

control, autonomy, control of their diabetes, and the ability to lead a normal life. 
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'I measure my blood sugar to see if it stays somewhere between 5 and 8. And it is 

the expectation that you check your own levels once a week. That is the agreement. 

That gives me a good feeling. Some people get very anxious when they have to 

prick their finger. Not so for me. On the contrary, it gives me a feeling of security.' 



Perspectives on SM BG 

In respondents who were no longer familiar with the symptoms of hypo- and hyperglycemia, 

SMBG was felt to be helpful in prevention and detection. Most respondents, who perceived 

SMBG in a positive way, reported that it had become a habitual part of their daily lives. 

Other respondents perceived SMBG more as a 'foe'. They mentioned many experiences to 

support this perception. For example, the finger prick can be painful and can lead to callous 

and hard spots. 

'It is not easy to get a drop of blood. I have got hard black marks on his hand. The 

marks are so conspicuous. I sometimes find that I am confronted by them. When I 

am 60 or 70 years old I worry that I won't be able to get through the skin at all! And 

the idea that your fingers will be totally covered with callous ... ' 

Some respondents felt obliged to monitor their glucose levels with SMBG. When they 

decreased the frequency of SMBG, their glucose regulation worsened, and they had a higher 

risk of developing an unnoticed hypo- or hyperglycaemia. Furthermore, when the readings 

were not in accordance with the expectations, especially unexpected 'poor' readings, 

respondents reported feeling frustrated, anxious, ashamed, or helpless. Some respondents 

felt that they were never free from their diabetes, always feeling that they had to focus 

on it. According to these respondents SMBG required a lot of organizational effort and 

interruption of their regular activities. They felt they had to carry a lot of things with them 

whenever they would go out in order to be able to measure their glucose concentration. 

'Always having to think: did I remember this? Did I remember that? My pockets are 

always stuffed full of all kinds of things. It's annoying. My purse is like a moving van. 

I can't ever go out with a small neat purse. Not even when I go to the opera house. ' 

The respondent's perception of SMBG appeared to be a dynamic factor. For example, 

adjustments in materials, for example another kind of finger-pricking device, could make 

blood glucose testing easier and less painful. This led to a more positive perception. The 

perception of SMBG as a friend or a foe was related, to some extent, to the frequency of 

measurement. Respondents who perceived SMBG as a foe, did not always measure their 

blood glucose concentration less often than those who perceived SM BG as a friend, but they 

did encounter more difficulties with the measurements. 
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Personal goals: tension between good glycemic control and quality of life 

From the interviews, it became clear that the respondents were not only focused on good 

glycemic control. They were also focused on maintaining their quality of life. 

To achieve the desired glycemic control in order to prevent complications, respondents 

reported that they had to measure their glucose concentrations frequently in order to make 

the required adjustments in insulin dose, food intake, and lifestyle. Furthermore, these 

frequent measurements were necessary for the prevention and detection of hypoglycemia. 

�My sugar levels are regularly on the low side. If you are tightly controlled, that's 

what happens. I am hypoglycemic at least once per day. I would rather live this 

way with a lower average than be hypoglycemic less often with a higher average. 

I always think that if your levels are high then the disease keeps nibbling pieces off 

of your blood vessels. It's like a time bomb which you can't give too many chances. 

The price is that you are then hypoglycemic with some regularity.' 

Respondents described their quality of life in terms of maintaining autonomy, living a normal 

life, enjoying life, not having to always focus on their diabetes, not being considered a patient, 

and not wanting to be a burden to their relatives. The influence of quality of life on the 

frequency of SMBG was less clear than the influence of good glycemic control. It depended 

on how the respondents individually interpreted quality of life. For example, the concept 

of living a normal life could mean that the respondent did not want to focus exclusively on 

the diabetes, which would lead to measuring the blood glucose concentrations less often. 

However, it could also mean that the respondent would measure the blood glucose more 

frequently in order to keep the diabetes under control so that he/she would be able to do 

the activities he/she was used to doing. 

Many respondents set their own personal target values with the goal of preventing either a 

hypoglycemia or a hyperglycemia. Many respondents experienced a hypoglycemic state as 

being quite distressing. They felt that it kept them from living a normal life and from having 

their diabetes under control. These respondents were willing to accept higher glucose 

readings. Other respondents primarily wished to prevent a hyperglycemia to prevent 

complications. They accepted being hypoglycemic more often. 
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'When I am hypoglycemic, I feel wretched. I even notice that I can become quite 

aggressive. I don't really have a problem with high sugar levels, but the low ones 

are quite bothersome. I really try to avoid attacks of hypoglycemia. I become quite 

anxious about them. You also don't want to get aggressive. It's very unpleasant and 

actually you totally don't want that.' 

Achieving a good quality of life and satisfactory glycemic control were sometimes in 

alignment with each other. For example, respondents reported feeling better when their 

glucose levels were better. However, a majority of the respondents experienced tension 

between achieving both these goals simultaneously. They tended to deliberately make 

their own choices regarding the goals of SMBG, and tailored their performance of SMBG 

to these goals. They were aware of the discrepancies between their decisions and the 

recommendations they had received from their healthcare providers. 

Personal and contextual factors: barriers or facilitators 

Personal and contextual factors may act as barriers or facilitators in the performance of 

SMBG, depending on the respondents' perspective. Furthermore, these factors could result 

in goal adjustments and a shift in the perception of SMBG rendering it more positive or 

negative for the patient. 

Personal factors 

Personality 

Respondents explained that their performance of SMBG was a result of their personality 

make-up including such things as perfectionism, being down to earth, or being easily worried. 

Some respondents reported that these traits were influenced by their upbringing, such as 

not being allowed to complain. Their personality influenced their goals, their perceptions 

and their SMBG performance. 

'I'm a bit of a perfectionist, and I aim for really good glucose levels. And then I'm 

really scared that if, one time, I do forget, that my sugar level will shoot up. So then 

you start self-monitoring again . . .  ' 
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Acceptance 

Some respondents mentioned that they had trouble performing SMBG as it forced them to 

confront and accept their diabetes in a concrete and visible way. One respondent reported 

that psychological factors played a role, as he did not want to have to make changes in his 

life or give things up. As a result, he measured his blood glucose less frequently. 

Depression 

Some respondents reported having been depressed. This did not always directly influence 

their SMBG behaviour, but it did influence the goals surrounding their measurements. They 

did tend to accept higher glucose concentrations. They strived for keeping control of their 

diabetes by preventing hypo- and hyperglycemic symptoms. They were not able to strive for 

optimal glycemic control. 

'In that period of depression I was just happy when I felt good and that things were 

moving again, and that I could do my job again and things like that, and for me that 

was enough. The diabetes just wasn't that important for me. I actually made the 

choice to just let it be there for what it was. Not that I became negligent about it, 

absolutely not, but . . .  well, slowly but surely, as my life got back on track and other 

things became more normal again, then I could start refocusing on the diabetes.' 

Awareness of hypo- and hyperglycemic symptoms 

The loss of awareness of hypo and hyperglycemic symptoms acted both as a barrier and a 

facilitator in the measurement of glucose levels. Some patients reported that they were no 

longer aware of the symptoms. They found that performing SMBG helped them to prevent 

and detect any extreme states. In this case the lack of awareness acted as a facilitator. 

'It is difficult for me to estimate how high my glucose levels are. Some people do 

this perfectly, but I definitely cannot. So, I can guess, and just do whatever. But if 

my estimate is far off, and the level is either much higher or much lower, then it is 

no good to me. So, I keep measuring five times per day.' 

Other respondents reported that they did not have hypo- or hyperglycemic symptoms. 

They did not feel the need to test because they felt good. These respondents could have no 

hypoglycemia or hyperglycemia. But it could also be a lack of awareness. Awareness of the 
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symptoms showed a similar duality. There were respondents who used SMBG as a check to 

confirm their symptoms, where the awareness acted as a facilitator. Other respondents did 

not need confirmation, because they already felt the symptoms. 

'When things are fine in the morning, and I feel good that day, I don't worry about 

testing. I go with how I'm feeling. And that works for me.' 

Knowledge, including misconceptions 

According to the respondents, their knowledge regarding self-monitoring had increased as 

a result of their own experience, education, reading the provided literature, and listening 

to the anecdotal experiences of other patients. Some respondents reported that the 

initial phase was of particular importance as it formed the foundation for their goals and 

perceptions. 

'I was told: you can live a normal life with diabetes. That's why I wasn't focused on 

properly regulating my blood sugar and doing my own monitoring. For me I felt it 

was a license not to be focused on my diabetes. This effect may persist for a long 

time.' 

It became clear from the interviews that experiential knowledge played an important role 

in the use of SMBG. Most of the respondents had been using SMBG for a number of years. 

They felt that they were unique in the way that they reacted to it. They had learned from 

their experiences and knew what was realistic for them. They did not feel that their results 

were comparable to others. This could lead to frustration. 

'But the stories you hear such as be careful with exercising because your blood 

sugar can go down as much as one point. Then you'll see that with me, it actually 

goes up. Everything is different than what I hear. That is also what frustrates me so 

much. I can't explain it.' 
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For other respondents this uniqueness led to resignation to their current situation. Better 

glycemic control was not possible for them. 

'The doctor told me: "all right, your glucose concentrations are now between 10 

and 15 mmol/1. Just try to get the readings between 6 and 10 or 11. That would be 

quite an improvement. " But that is quite a step forward. Some days everything is 

going all right and I have good glucose concentrations. But I just accept that this is 

not always the case. I just know that for me it is difficult to achieve good glycemic 

control. I do not try to get better readings. It will never be perfect and it is better to 

accept that.' 

There were some respondents who mentioned that they had had misconceptions. For 

example, what constituted a good value? In almost every public advertisement for a 

blood glucose meter, a value of approximately 5.8 mmol/1 was depicted on the meter. 

Although other target values had been discussed with the healthcare provider, several of 

the respondents reported that they nonetheless wanted to achieve these published values 

which led to a high frequency of glucose monitoring. They then felt frustrated when they 

were not able to achieve these results. Others were able adjust their expectations once they 

had consulted with their healthcare provider. 

Life-events 

Major life-events, such as having a baby, can cause patients to be more concerned about 

their glycemic control, which in turn leads to a higher frequency of glucose monitoring. 

Other events, such as a serious illness in the family, can act as distractors from the diabetes, 

leading to a decreased frequency of monitoring. 

Contextual factors 

Social support 

The social support desired by many of the respondents was described as 'being concerned 

without intervening'. Diabetes is part of the respondents' personal lives. They have to 

deal with it themselves. Because they do not want to burden the people in their social 

environment, they use SMBG to keep the diabetes under control. They would like support 

in the form of recognition of the impact of having diabetes and having to perform SMBG. 

Furthermore, although contact with other patients with diabetes was sometimes found 
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helpful, there were also respondents who did not relate to the perceptions and behaviours 

experienced by other patients. 

Contact with healthcare provider: discrepancies in perspectives 

'They really want you to do everything to achieve good glycemic control. The 

stricter the better. But then I think: That all sounds pretty good on paper, but for me 

it's like well, ok, you feel better with somewhat higher sugar levels? Yes, actually I 

do. Well, then I'll do it this way.' 

Many respondents reported feeling a certain tension between their goals and perceptions 

of SMBG and that of their healthcare providers. According to the respondents, professionals 

focused more on strict glycemic control, whereas the respondents had to balance glycemic 

control with their quality of life. Respondents mentioned that professionals could 

support them in their self-monitoring practices by paying attention to the patients' goals, 

perceptions, and their readings (not only to HbAlc levels). If the healthcare professionals 

were to recognize the uniqueness of the individual patient and tailor the care and the design 

of glucose regimens to them, the patient would feel better supported. 

Some respondents reported feeling ashamed that they did not meet the goals set for them 

by their healthcare provider, and that they were obtaining 'poor readings', despite the effort 

they were putting into it. Sometimes they did not report their results, because they were 

afraid of the negative response they would receive from the healthcare provider. Others did 

not discuss their measurements and did not bring up questions and concerns, as they were 

afraid that they would have to change their lifestyle as a result. Other respondents claimed 

to be nonchalant, and accepted that their measurements would not be discussed. 

'I'm bad at keeping track. I measure, but I don't keep track. So when I visit the doctor, 

I come without a record. The doctor only looks at the average values and those are 

good. Whereas I know, and I think I've mentioned it to the doctor, that it's because 

of the peaks and valleys that the average ends up good. But nothing was done with 

this information. Nothing changed until the moment that I, myself, started saying, 

come on guys, something has to be done. Then things started happening, and they 

started thinking along with me. Before now, I left things as they were as well. I was 
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pretty nonchalant. I figured, if the average value was good, and I had the feeling 

that the morning began well, and the evening ended well, everything was okay. If 

everything was approximately correct, no harm was being done.' 

The respondents recognized that they were responsible for their health and for taking care 

of their diabetes including self-monitoring. Healthcare providers could, however, provide 

support. But when the respondents were not satisfied with the delivered care, they seldom 

discussed it with the healthcare provider, because they wanted to preserve a positive 

atmosphere. 

Differences between patients with type 1 and type 2 diabetes 

There were a number of similarities between the respondents with type 1 and type 2 

diabetes, but the emphasis on separate factors was sometimes different. 

Respondents with type 2 diabetes were less focused on adjusting the insulin dose. They 

were more focused on adjusting food intake and their lifestyle, including exercise. Usually, 

they only changed their insulin dose in consultation with the healthcare provider. They were 

more sensitive to the advice of their healthcare providers, and they were more attentive in 

general. Furthermore, their glucose monitoring showed more variation in both timing and 

frequency. They were more likely to report that they wanted to enjoy their lives without 

having to continually focus on their diabetes. Respondents with type 1 diabetes performed 

SMBG with greater regularity and an increased frequency when compared to the patients 

with type 2 diabetes. The diabetes was also more of an integral part of their lives. 

Respondents with type 2 diabetes experienced more complications associated with their 

diabetes, although this did not seem to have a great effect on the frequency with which they 

monitored their blood glucose. They also experienced more frustration, not understanding 

unexpected readings when they monitored their blood glucose. Respondents with type 

1 diabetes seemed to be more resigned to their glycemic control. Finally, respondents 

with type 1 diabetes reported more often that they were no longer aware of hypo- and 

hyperglycemic symptoms. As result, they felt more dependent on SMBG for feedback about 

the status of their diabetes. 
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Discussion 

SMBG from the patient's perspective 

This study investigated the patients' perspectives of SMBG. The outcomes of our study show 

that there is a wide variety in the performance of SMBG, as a result of a complexity of factors. 

These factors include the patient's perception, his/her goals, and personal and contextual 

factors. Patients did not always perceive SMBG as a positive tool, which would enable them 

to achieve good glycemic control. Patients mentioned many experiences which support a 

negative perception of SMBG, which made it more difficult to perform SMBG. They also 

felt that healthcare providers were predominantly focused on good glycemic control. The 

patients experienced the tension between achieving good glycemic control and quality of 

life. As a result, the patients tailored the performance of SMBG to their perceptions and 

personal goals. Personal and contextual factors were identified as being either barriers or 

facilitators to SMBG depending on the patient's perspective. Most of these factors proved to 

be dynamic, as they were apt to change over time, sometimes as the result of an intervention 

by the healthcare provider. We developed a SMBG model which gives a representation of all 

the identified infl uencing factors and their interrelations. 

The SMBG model is a specialized version of the General Self-management Model, which 

gives a representation of the factors, which must be considered when discussing self

management {25) . The SMBG model gives additional information and more practical content 

to the factors. Fu rthermore, the factors are arranged in a different way. For example, in the 

general model, the interaction between the patient and the healthcare provider plays a 

central role. In the SMBG model, this relationship is only one of the contextual factors which 

influences the patients' perspectives. 

Factors identified in our study such as pain, frustration, depression, knowledge level, 

treatment complexity, social support, and contact with the healthcare provider have also 

been reported in previous studies, including the recent study of Fisher et al. (8,10,12-

21,26,27). Fisher has investigated the knowledge and behaviou ral skills in more detail (15). 

He concluded that more research is necessary to understand the factors, especially among 

patients with type 2 diabetes. Our study does offer a broad perspective and more insight 

into the influencing factors and the relationship between them among patients with type 

1 and insulin-treated patients with type 2 diabetes. For example, we show that whereas 

patients with depression tend to tailor their self-monitoring goals to their life situation, the 

frequency of SMBG did not always change. In our  study, the patient's perception of SMBG is 
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described as a separate factor, and is presented as occurring on a continuum from positive 

to negative. We investigated the deliberate choices made by patients regarding the goals 

and performances of SMBG, and looked at the logic which governed their decisions. 

In other studies, factors have been reported as being either barriers or facilitators to the 

performance of SMBG. Our study revealed that there are additional nuances which must 

be considered. Personal and contextual factors had either a positive or a negative effect, 

depending on the patient's perspective. 

SMBG: small effort, great pleasure? 

SMBG is not only positively presented in professional guidelines (6,7,28,29). Manufacturers 

also present SMBG as a tool with which diabetes may be controlled, thereby allowing 

patients to live a normal life. In their advertisements, the readings on the glucose meters 

usually give values of approximately 5.8 mmol/1 while people in the commercial are smiling, 

looking relaxed and are enjoying life. The meters appear user friendly, the results are almost 

instantaneous, and apparently almost anybody can use them. Our findings agree with those 

reported in other studies, including one study in children with diabetes, that SMBG in daily 

practice is not just a small effort, and it does not always guarantee the pleasure seen in 

the commercials (13,30). From the patients' perspectives, SMBG is more complex, and the 

diabetes is often considered difficult to manage. These overly positive representations do 

not do justice to the visible and invisible work that patients with diabetes have to do nor do 

they acknowledge the unexpected and sometimes negative readings with which the patients 

are sometimes confronted despite their efforts. Patients with diabetes need recognition for 

these efforts and recognition for the impact that SMBG has on their daily lives. 

Contact with the healthcare provider: duel or duet? 

Increasingly, in healthcare, persons with a chronic disease are given a more central role 

in their treatment. The patient is responsible for the way in which he/she deals with the 

disease process. He/she is co-director of his/her own care plan, and is expected to be actively 

involved. This includes being able to discuss his/her own interests and needs and organizing 

his/her own care. With an individual care plan, mutually agreed goals and a treatment plan 

should be outlined with shared responsibilities. This approach should result in improved 

healthcare outcomes and lower costs (8,28-33} . 

However, in our study, as well as in Dedding's study, a discrepancy in perspectives was found 

between the patients and the healthcare providers (30). According to the respondents, 
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healthcare providers sometimes set unachievable goals, and persisted in trying to motivate 

them to attain these goals. While many patients accepted that better glucose concentrations 

were not feasible for them. Furthermore, the advice did not always concur with the patients' 

needs. As a result, patients ended up making their own choices regarding blood glucose 

monitoring. Patients tend not to discuss the poor support or the dissatisfying aspects of 

their treatment as they are afraid that it would negatively influence either the atmosphere 

or the treatment itself. Healthcare providers need to be aware of this so that they can take 

into account the patient's need to preserve the provider-patient relationship (30,34). 

Differences between patients with type 1 and type 2 diabetes 

Vincze et al. reported that patients with type 1 diabetes are more adherent to SMBG than 

patients with type 2 diabetes (10). Patients with type 2 diabetes may be less convinced that 

regularly testing blood glucose levels would lead to positive outcomes. Our study shows 

that patients with type 1 diabetes were not specifically more adherent to blood glucose 

monitoring, but they did seem more resigned to their situation, and were more likely to 

view SMBG as an integral part of their lives. Additionally, more factors were identified which 

influenced the patients' perspectives of SMBG. For example, patients with type 2 diabetes 

experienced more frustration when they obtained unexpected results. 

Implications for daily practice 

In daily practice, healthcare providers also have to find a balance between achieving good 

glycemic control and quality of life. Glycemic control is recommended in the guidelines, 

it helps to prevent long term complications, and is an important indicator for the quality 

of healthcare. The patient's quality of life is equally as important. The challenge for the 

healthcare provider is to set, in discussion with the patient, glycemic goals which are as 

strict as possible while maximizing the patient's quality of life. It is not a matter of only 

listening to the patient's perspective, including his/her goals and needs, but it is a starting 

point. 

The SMBG model can help professionals and patients to understand and discuss each other's 

perspectives in order to be able to set mutually agreed upon, realistic, and achievable goals. 

Furthermore, it is important that professionals discuss both the positive and the potentially 

negative aspects of SMBG from the very start including how to deal with SMBG on a daily 

basis. This will serve to enhance the patient's feelings of personal control and help to cope 

with the inevitable disappointments, thereby enhancing positive perceptions of SMBG 
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(16,21,35-37). The performances can also be individually tailored to the patient. This will 

allow an optimization of SMBG use and will prevent both unnecessary measurements and 

costs. After all, there is no evidence supporting a specific frequency of SMBG, which has 

led to a variety of recommendations in the literature (6,28,29). SMBG is not a goal in and 

of itself, but a tool which should be used to achieve optimal glycemic control in an effort to 

prevent long term complications (21). Education and training will likely be necessary before 

the healthcare providers can optimize their use of this approach and attitude (8). 

Regular follow up and evaluation is important as most of the factors affecting the SMBG 

model are dynamic. 

Finally, a new study is started to develop and validate a clinical measurement tool of patient's 

perspective of SMBG. 

Strengths and limitations of the study 

Our patient population consisted of native Dutch patients, therefore the results cannot 

be extrapolated to patients of different ethnicities. Although we followed the principles 

of purposeful and theoretical sampling, the study participants were asked to participate 

by their own healthcare provider which may have led to a selection bias. On the other 

hand, we were able to select a widely diverse sample. The maximum variation of relevant 

characteristics made it possible to make full use of comparative analysis theory. Our study 

not only confirms what has been reported in previous studies, but provides a deeper insight 

into the perspectives of insulin-treated patients with diabetes. 

Conclusions 

According to the patients, professionals are positive about the use of SMBG as a tool in order 

to achieve strict glycemic control. Patients can also, however, perceive SMBG in a negative 

light. They have to find a balance between achieving glycemic control and maintaining an 

acceptable quality of life. As a result, the patient's use of SMBG is not always in concordance 

with the recommendations from the healthcare provider. Patients with type 1 diabetes 

appeared to be more resigned to their situation and monitoring their blood glucose was a 

more integral part of their lives than it was for patients with type 2 diabetes. Gaining insight 

and discussing all the factors involved with SMBG, including personal barriers and facilitators, 

will help healthcare providers and patients mutually agree on realistic and achievable goals 

while tailoring the performance of SMBG on an individual basis. This should result in a more 

optimal use of SMBG, an improved quality of life, and improved clinical parameters. 
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Chapter 6 

Abstract 

Objective 

Many patients monitor their blood glucose less often than recommended. An important 

factor is the patient's own perception of self-monitoring of blood glucose (SMBG). We 

aimed to develop and validate the Perception of SMBG (P-SMBG) scale and to assess the 

perception of SMBG in insulin-treated patients with diabetes. 

Methods 

An initial 68-item version of the P-SMBG was evaluated by a professional panel of experts 

and by patients with diabetes. A sample of 375 insulin-treated patients with type 1 or 

type 2 diabetes completed the revised P-SMBG, the WHO-5 Well-being Index (WHO-5), 

the Problems Areas in Diabetes (PAID) scale, the Summary of Diabetes Self-Care Activities 

(SDSCA) and the Fear for Self-testing questionnaire (D-SPAV) to test construct validity, 

internal consistency and stability of the revised P-SMBG. 

Results 

The content validity procedure resulted in a 28-item P-SMBG. Factor analysis suggested a 

19-item scale and a two-factor structure, separating negatively and positively worded items. 

Cronbach 's alpha was 0.84 and 0.72, and the intra-class correlation coefficient was 0.63 and 

0.56 (both p<0.05) respectively for both items. Item-total correlations were in the range 

of 0. 23-0.66. Cross-sectional validity was confirmed with moderate correlations in the 

expected direction between P-SMBG and WHO-5, PAID  and D-SPAV. We retained two items 

after consideration of the content validity. The final P-SMBG therefore consists of 21 items. 

Conclusions 

The P-SMBG is a newly developed tool and has satisfactory psychometric properties. It can 

be used to assess positive and negative perceptions of SMBG in insulin-treated patients with 

diabetes. 
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Introduction 

The Diabetes Control and Complication Trial (1) and the United Kingdom Prospective 

Diabetes Study (2) have demonstrated that strict glycemic control delayed significantly 

the onset of complications related to diabetes. Self-monitoring of blood glucose (SMBG) 

is effective for patients with type 1 diabetes and patients with type 2 diabetes who are 

using insulin (3-5). Many patients, however, monitor their blood glucose less often than is 

recommended by their healthcare providers (6-8). Studies show several barriers to SMBG 

such as; pain, complex treatment regimes, fewer social supports, a lack of education, and an 

increased awareness of the disease (8-10). 

A qualitative study regarding SMBG showed that perception, as part of patients' perspectives, 

was also an important factor influencing the performance of SMBG (11). Patients' perceptions 

of SMBG were situated on a continuum ranging from perceiving SMBG as a tool to a burden. 

Furthermore, patients perceived differences between their perspectives of SMBG and the 

perspectives of their healthcare providers. 

Toombs gave important insights into the patient-physician relationship and the different 

perspectives of the disease from a phenomenological approach (12). A distinction was made 

between the physical disease (disease), the perception of and the experiences of living with 

the illness by the person with the chronic disease (illness), and the perspective of the society 

regarding the disease (sickness). Healthcare providers mainly focus on the treatment of the 

disease, whereas patients mainly focus on living with the illness. The physical disease is part 

of the illness, but it plays a minor role (12). 

The perception of illness is an increasingly important and complex concept in current 

healthcare in which more and more people have to live with one or more chronic diseases 

(13). More attention is being paid to the perception of illness in diabetes care, for example 

through the development of an insulin treatment appraisal scale (ITAS) to assess perceptions 

regarding insulin treatment (14). 

Gaining insight into the patient's perception of SMBG and discussing this perception are 

expected to improve the use and results of SMBG (15,16). However, no objective instrument 

is available to assess these perceptions. Existing questionnaires assess barriers and facilitators 

of all aspects of diabetes, including only a few questions concerning (perceptions) of SMBG, 

other aspects of SMBG and/or they focus on either patients with diabetes type 1 or patients 

with diabetes type 2 (17-21). Therefore, we conducted a study in insulin-treated patients 

with diabetes in order 1) to develop an instrument, the Perception of Self-Monitoring of 
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Blood Glucose scale (P-SMBG) to assess positive and negative perceptions of SMBG, and to 

identify the individual issues regarding performing SMBG, and 2) to test the instrument's 

reliability and validity. 

Methods 

Design 

This study is a methodological research study focusing on the development and testing of 

an instrument (22,23). In this paper we report on the content validity, construct validity, 

internal consistency and stability of the P-SMBG scale. The language of the instrument is 

Dutch. 

Instrument development 

We defined perception in line with that of Merleau-Ponty (24) as a conscious, inner and 

unique experience of something. It is a subjective, personal interpretation of an experience. 

Perception is linked to something, namely, what is being perceived. Therefore, it can be 

different for each part of the treatment. So, for example, the perception of SMBG can be 

different from the perception of insulin injections. Perception is not directly accessible: you 

must ask someone to define it. It is a dynamic concept, subject to changes, and it can be 

influenced. 

The P-SMBG was developed to measure patient's perception of SMBG. A total of 68 

potential items were generated from a qualitative study into the patients' perspectives of 

SMBG (11). The perceptions derived from this study ranged along a continuum between 

perceiving SMBG as a 'tool' and SMBG as a 'burden'. Perceiving SMBG as a tool indicates 

that SMBG gives: confidence, freedom, certainty, peace of mind, autonomy, and control of 

the diabetes. It can help in achieving personal goals and in preventing and detecting a hypo

and/or hyperglycemia. Themes concerning burden are: feeling obliged to monitor, feeling 

frustrated, anxious, ashamed or helpless as a result of an unexpected 'poor reading', a lot of 

organizational effort, and feeling tied to SMBG. 
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Research Sample 

Four groups gave an input into the development and testing of the initial 68-item P-SMBG. 

Firstly, a panel of five experts in the field of diabetes care and four experts in the field of 

measurement development were selected to validate the content of the instrument. 

The experts were selected with the help of the Dutch Association for diabetescare 

professionals (EADV) and/or because of their research activities in this field of diabetes care 

or measurement development. Secondly, the P-SMBG content was reviewed by a panel 

of patient experts. The Dutch Diabetes Association provided a list of 11 patients, and five 

nurses specialized in diabetes care were each asked to provide the name of two patients. 

This enabled a diverse sample to be selected. All 21 patients were invited to participate in 

the panel of which 19 agreed. Thirdly, the validity of the construct, the internal consistency 

and the stability of the P-SMBG were tested by recruiting other patients. These came 

from 32 general practices (GPs) who participated either in a GP Care Group, in the Zwolle 

Outpatient Diabetes project Integrating Available Care (ZODIAC) (25), and/or in the Diabetes 

GP Advisory Group (Di HAG) and from the outpatient clinics of 11 hospitals. Fourthly, the first 

50 patients with type 1 diabetes and the first 50 patients with type 2 diabetes, who returned 

the survey, were invited to fill out the P-SMBG for a second time after one month in order 

to test the stability of the scale. 

Patients were eligible if they had been diagnosed with type 1 or type 2 diabetes, treated 

with insulin, were 18 years or older, had been performing SMBG for a minimum of one year, 

and if they were not pregnant, and had sufficient understanding of the Dutch language. 

Field (26) advises using a sample size of at least 200 and preferably 300 cases in order 

to establish the construct validity, and to ensure a reliable procedure for factor analysis. 

We aimed at inviting 600 patients to participate, taking into account an expected 50-60% 

response, in order to realize a 'sufficiently large' sample size. Furthermore, we aimed to 

invite for a second time, the first 100 patients participating, in order to be able to use at least 

50 cases for establishing the test-retest reliability. 

All patients received an envelope with background information about the study and the 

questionnaires. Recruitment took place from February 2012 to June 2012. Approval for the 

study was obtained from the local medical ethics committee. All patients gave informed 

consent. 
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Instrument testing and data analysis 

Content validity 

The validity of the instrument's content was guaranteed by means of the results of the 

qualitative study (11). The different perceptions of SMBG mentioned by the study group 

defined the wording of the scale. A critical evaluation of the initial pool of 68 items was 

carried out by the panel of healthcare providers looking at aspects of quality such as clarity, 

jargon, length, double negative, and double-barreled items. In a pre-test of the revised 

scale, patients filled out the questionnaire, and answered the following questions: 'Do you 

understand the meaning of each question?' ; 'Do you have suggestions for improvements in 

the words used?'; and questions regarding the design of the questionnaire. Additionally, the 

pre-test answers were used to see if it was necessary to revise some items. 

Construct validity 

Two methods of validating the construct were used, factor analysis and the hypothesis 

testing procedure (cross-sectional validity). 

Factor analysis 

The data were analyzed by means of a principal component analysis followed by a varimax 

rotation. The P-SMBG included 6 items with the option 'not applicable'. These scores were 

coded as 'missing'. Therefore, the option 'pairwise missing' was used for the factor analysis. 

In order to attain the best fitting structure and the correct number of factors, the following 

criteria were used: eigenvalues higher than 1.0, factor loadings higher than 0. 40 and the so

called elbow criterion regarding the eigenvalues with the help of a scree plot (22). 

Cross-sectional validity 

The following validated scales were used to test the theoretical relationship between these 

scales and the P-SMBG: the WHO five-item Wellbeing Index (WHO-5} (27), the Problems 

Areas in Diabetes (PAID} scale (19}, the Summary of Diabetes Self-care Activities (SDSCA} 

(28), and the Fear for Self-testing questionnaire (D-SPAV} (9). The WHO-5 measures 

psychological well-being in the general population, containing five positively worded items. 

A 6-point Likert scale was used, ranging from O (not present) to 5 (constantly present). The 

PAID is a 20-item self-reporting scale for assessing the current level of emotional distress 

related to diabetes. The items are rated on a Likert scale ranging from O (not a problem) 

to 4 (a serious problem). In both psychological measures the scores are calculated and 

standardized to a 0-100 scale. Higher scores in the PAID indicate higher emotional distress. 
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Higher scores in the WHO-5 represent better emotional well-being. The SDSCA assesses the 

self- care activities during the past seven days, using a 13-item scale. A total of 11 items is 

scored from O to 7 representing the number of days on which activities were performed in 

the last week. The other two items concern smoking status and the use of alcohol. It is not 

advised to calculate an overall score for the SDSCA. The SDSCA consists of eight subscales 

including one to three items per subscale. The D-SPAV is a 9-item scale to assess the level of 

fear of self-testing the glucose concentrations on a 4-point Likert scale. The score can range 

from 0 (never or almost never) to 3 (always or almost always). 

It was hypothesized that higher scores in the PAID (more emotional distress) and D-SPAV 

(more fear), and lower scores in WHO-5 (worse emotional well-being) and SDSCA (less 

diabetes self-care activities), would be moderately associated with a more negative 

perception of SMBG (r = 0. 30 - 0. 50) (14). A more positive perception would be moderately 

associated with lower scores in the PAID and D-SPAV and higher scores in WHO-5 and 

SDSCA. Cross-sectional validity will be established if at least three out of four theoretical 

relationships are confirmed by Spearman correlations coefficients. 

Internal consistency 

Cronbach's alpha and inter-item correlations were calculated in order to determine the 

internal consistency and the homogeneity of the scale. The internal consistency of the scale 

is considered adequate if alpha is between 0.70 - 0. 80. The inter-item correlations should 

be between 0.20 and 0.80 (14,22,23). 

Stability 

The stability of the scale is measured by calculating the test-retest reliability using the intra

class correlation coefficient (ICC). Stability is sufficient if ICC > 0.70 (22). 

SPSS version 20.0 was used to analyze the data. 

Results 

Research sample 

The sample of the pre-test consisted of 19 patients. Of these 5 (26%) were men, 11 (58%) 

were patients with type 1 diabetes, median age was 58 years (Interquartile ranges ( IR) 51,67) 

median diabetes duration was 20 years (IR 15,38), median duration of SMBG was 20 years 
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( IR 12,28), median HbAlc was 56 mmol/mol (IR 47,65), 6 patients (32%) used two insulin 

injections per day, 3 patients (16%) used four insulin injections per day and 10 patients 

(52%) used an insulin pump. 

Questionnaires were distributed to 586 patients with diabetes in order to test the P-SMBG. 

Of these 407 (69%) returned the survey. Eight surveys could not be used because the patient 

had been performing SMBG for less than a year or because the patient was pregnant. 

Furthermore, 24 patients returned incomplete surveys. In total, 375 (92%) surveys could be 

used for the analysis. 

The self-reported characteristics of the respondents are presented in Table 1. 

Table 1. Characteristics of the patients with diabetes (n=375)  

Description DM type 1 
n = 199 

Gender (male) 88 (44) 
Age (years) 46 ± 14 
BM I 26.3 ± 5.2 
Diabetes duration (years) 23 (11,32) 
HbAlc (mmol/mol) 60 ± 13 
Type of insulin therapy: 

ldd insulin 
2dd insulin 2 (1) 
4dd insulin 96 (48) 
insulin pump 99 (SO) 
other 2 (1) 

Duration of SMBG (years) 20 (10,27) 
Frequency of SMBG 

Daily 176 (88) 
3 - 5 days / week 3 (2) 
1 - 2  days / week 13 (6) 
1 - 4 days / month 7 (4) 
other 

Highest education 
Lowa 62 (31) 
Middleb 68 (34) 
Highc 69 (35) 

Data are mean ± SD, median (P25,P75) or n (% of known data) 
alow: primary school, lower secondary general, lower vocational 
bMiddle: higher secondary general education, intermediate vocational 
cHigh: higher vocational education, university 
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DM type 2 
n = 176 
89 (51) 
66 ± 9 

30.3 ± 4.8 
14 (9,20) 
58 ± 14 

50 (29) 
49 (28) 
62 (35) 
11  (6) 
4 (2) 

9 (5,14) 

67 (38) 
19 (11) 
41 (23) 
42 (24) 

7 (4) 

124 (70) 
31 (18) 
21 (12) 
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Instrument development 

A 68-item scale was developed based on the qualitative study. Discussions with healthcare 

providers and patients led to consensus on 28 items. The instrument assesses both positive 

[11] and negative perceptions [17] . Patients were asked to indicate on a 6-point Likert scale 

to what extent they agreed with each statement. The Likert scale ranged from 0 (strongly 

disagree) to 5 (strongly agree). Patients could also fill out the option 'not applicable' in 

relation to six items. Healthcare providers and patients reported that this response scale 

was the most clear and explicit scale, although there was no clear preference for a 5 or 

6-point scale. We have chosen to use a 6-point scale, forcing the patient to choose either for 

a perception that SMBG is more of a 'tool' or that it is more of a 'burden'. 

Factor analysis and internal consistency 

The principal factor analysis revealed eight factors with an eigenvalue > 1, explaining 59% of 

the variance. The matrix of factor loadings showed that the factors 5, 6 and 8 consisted of 

one or two items and factor 7 consisted of three items. We rotated a 2-and 3-factor solution 

using the Varimax criterium (Table 2) based on the point of inflexion after the first and after 

the second eigenvalue of the scree plot. The possibility of a uni-dimensional scale (1-factor 

solution) was also considered. The Cronbach's alpha of the total 28-item scale was 0.81. 

However, only half of the items had a substantial loading on the first factor. 

The 2-factor solution consisted of 19 items. Thirteen negatively worded items loaded high 

(>0.40) on factor 1, and 6 positively worded items loaded high on factor 2. This solution 

explained 31% of the total variance. The Cronbach's alpha was 0.84 and 0. 75 for factor 1 

and factor 2, respectively. The correlation between the scales based on the factor solution 

was -0.28. 

In the 3-factor solution, 21 items had high (>0.40) loadings on the three factors, explaining 

37% of the total variance. Three items had a high loading on two factors. Twelve items out 

of the 13 negatively worded items of the 2-factor structure again loaded > 0.40 on the first 

factor, resulting in a Cronbach's alpha of 0.81. Factor 2 consisted of the same 6 positively 

worded items as in the 2-factor structure and 1 negatively worded item. The Cronbach's 

alpha of the scale based on factor 2 was 0.55. Factor 3 consisted of 5 items, resulting in 

Cronbach's alpha of 0.62. Three items of factor 1 in the 2-factor structure now loaded high 

on factor 3 as well as 2 other positively worded items. The correlations between the scales 

based on the factor solution varied between -0.33 and 0.50. 
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Table 2. Exploratory factor analyses of the 28 items of the P-SMBG: factor loadings > 0.40 for the 2-

and 3-factor solution after varimax rotation. 
2-factor solution 3-factor solution 

F 1/2 F 2/2 F 1/3 F 2/3 F 3/3 

Item content: 

1. SMBG is a habitual part of my (dai ly) l ife 0.70 0.71 

2 .  Enables me to live the l ife I want to l ive 0.80 0.80 

3. Confronting me with my diabetes 0.69 0.65 

4. I do feel depended on SMBG 0.46 -0.45 -0.48 

5. It is easy for me to organize SMBG 0.58 0.56 

6. SMBG is of no use for me (being aware of hypo and 

hyper symptoms) 

7. I feel uncertain when assessing a 'poor' reading 0.52 0.58 

8. SMBG gives clarity on how to proceed 0.69 0.69 

9. I am worried about hard spots 0.56 0.59 

10. The finger puncture is painfu l .  0.46 0.46 

11. It is easy to get a drop of blood 

12. I feel that I have to carry a lot of things with me 0.56 0.45 

when going outside . 

13. Annoying to perform during vacation 0.62 0.72 

14. Annoying to perform when not eating at home 0.55 0.70 

15. Difficult to find a balance between strict glycemic 0.65 0.41 0.60 

control and qual ity of life 

16. I feel that I can rely on my body, despite abnormal 

glucose concentrations 0.59 

17. Better glycemic control cannot be ach ieved despite 

my efforts. 

18. I feel that I react differently on, for example (0.39) 

nutrition and exercise, compared to other people with 

diabetes 

19 . Most of the time the reading is what I have 

expected. 0.68 

20. I feel gui lty when assessing a 'poor' reading 0.51 0.58 

21. I feel concerned when assessing a 'poor' read ing 0.62 0.46 0.44 

22. I feel frustrated when assessing a 'poor' read ing 0.65 0.46 0.50 

23. I feel that people understand the impact of 

performing SMBG 

24. No problem when other people see the (0.39) 

performance of SMBG 

25. Experiencing a difference between the target of the 

professional  and my own target 

26. The recommended frequency of SMBG suits me/ is 0.48 0.48 

in accordance with my needs 

27. I am afraid of critical reactions from my health care 0.49 0.51 

providers 

28. SMBG gives me support for a better handl ing my 0.59 0.58 

diabetes 

Explained variance 31% 37% 
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Finally, a 2-factor solution was chosen because this led to the best interpretation, in 

accordance with the results of the qualitative study (11). The negatively worded items, 

loaded on factor 1, referred to a SMBG perception as a burden and the positively worded 

items, loaded on factor 2, referred to a SMBG perception as more of a tool. 

We decided to retain two items. These are item 18 'A feeling of reacting differently, on, for 

example, nutrition and exercise, compared with other people with diabetes' in factor 1, 

and item 24 'No problem when other people see the performance of SMBG' in factor 2. This 

decision was based on examination of the content of the remaining items and the loadings 

of nearly 0.40 on one of the factors (0.39). Cronbach's alpha of the first scale remained 0.84. 

The Cronbach's alpha of the second scale decreased to 0.72. The item-total correlations 

ranged between 0.29 and 0.62 for factor 1, and between 0.23 and 0.66 for factor 2. 

The final P-SMBG consists of 21 items, 7 positively worded and 14 negatively worded items. 

Cross-sectional validity 

Table 3 shows the Spearman correlations between P-SMBG scales and additional, validated 

scales. The outcomes confirm moderate correlations between the negatively worded 

P-SMBG subscales and the other scales in the expected directions. The higher scores on 

the negatively worded P-SMBG subscale, that is a more negative perception of SMBG, are 

associated with higher diabetes-related distress, lower emotional well-being and higher 

fear of self-testing. There was a lower correlation, although in the expected direction, 

between the scores on the P-SMBG subscale with the positively worded items, that is a 

more positive perception of SMBG, and the PAID  (lower diabetes-related distress), WHO-5 

(higher emotional well-being) and D-SPAV (lower fear of self-testing). 

With the exception of a low correlation of 0.22 between the positively worded items and 

general diet and a low correlation of 0.30 between positively worded items and performing 

SMBG, there were no relevant correlations found between the P-SMBG subscales and the 

subscales of the SDSCA. 

Stability 

Seventy patients filled out the survey for the second time after one month (response rate 

of 70%). The intra-class correlation coefficient for the test-retest reliability resulted in a 

coefficient of 0.63 (p < 0.05) for factor 1 and 0.56 (p < 0.05) for factor 2. 
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Table 3. Results of the concurrent validity testing: Spearman correlations between the P-SMBG and 

other measurements scales. 

PAID (emotional distress) 
WH0-5 (well-being) 
D-SPAV (fear of self-testing) 
SDSCA-general diet 
SDSCA-specific diet 
SDSCA-medications 
SDSCA-foot care 
SDSCA-exercise 
SDSCA-SMBG 
SDSCA-smoking status 
SDSCA-alcohol use 

Conclusions 

P-SMBG subscale 
(negatively worded) 

0.62 

-0.37 

0.40 

-0.08 

-0.03 

0.03 

0.01 

0.03 

-0.10 

0.05 

0.00 

P-SMBG subscale 
(positively worded) 

-0.13 

0.17 

-0. 16 

0.22 

-0.01 

-0.03 

0.06 

0.09 

0.30 

-0.04 

-0.04 

The P-SMBG is a comprehensive tool to assess both positive and negative perceptions of 

SMBG in patients with type 1 diabetes and type 2 diabetes using insulin. The P-SMBG has 

satisfactory psychometric properties and the content validity of the scale is sufficiently 

secured. The content is based on a qualitative study, reviewed by an expert panel, and pre

tested in patients with diabetes. 

The factor analysis suggests a two-factor structure with regard to the construct validity. 

The correlation between both factors was 0. 16, which also indicates the existence of 

two independent factors (subscales). However, it may be that the outcome is due to the 

response bias for the formulation of the items (negatively and positively worded items) 

(29). Furthermore, the Cronbach's alpha of the total scale is 0.81, suggesting homogeneity. 

The P-SMBG may be an uni-dimensional scale. On the other hand, the two-factor structure 

supports the findings regarding a negative ('burden') and a positive ('tool') perception in the 

qualitative study. Furthermore, the findings are in line with the outcome of the validation of 

the ITAS scale (14). In that study, a two-factor structure was also suggested with positively 

and negatively worded items, referring to a positive and a negative appraisal of insulin. This 

aspect deserves attention in future studies on the psychometric properties of the P-SMBG. 

The factor analysis also suggested removing nine items from the scale. However, the aim 

of our scale was not only to be able to calculate to what extent a patient has a positive or a 

negative perception of SMBG. Our aim was also to develop a practical tool to identify and 

discuss the individual issues regarding performing SMBG. This implies a careful examination 
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of the content of the items before definitely removing an item. We have chosen to retain two 

more items in the P-SMBG based on the evaluation of the expert panel, the patients in the 

pre-test and our own considerations. These are item 18 in factor 1 and item 24 in factor 2. 

Moreover, these items had loadings of 0.39 on one of the factors, and the item-total scores 

were greater than 0.20. Analyses further suggest the need to reword item 18 because not 

all people actually knew other people with diabetes. We would suggest replacing 1compared 

with other people with diabetes' with 1compared with what I have heard'. 

Cross-sectional validity shows (very) low correlations between P-SMBG subscales and self

care activities. A possible reason might be that perceptions of SMBG do not have an effect 

on other diabetes self care activities. However, the cross-sectional validity is sufficiently 

established because three out of four theoretical relationships were confirmed through the 

value of the Spearman correlations. The PAID and WH0-5 were also used in the ITAS-study 

for establishing the cross-sectional validity. This resulted in comparable findings (14). 

The outcomes of the test-retest reliability show a moderate stability of the scale. The reason 

might be that perception is a dynamic concept and is sensitive to changes over time. This 

aspect deserves attention in future studies on the psychometric properties of the P-SMBG. 

Strengths and limitations 

The strength of the study is the use of a combination of methods in constructing the 

instrument. The outcomes of the qualitative study guided the development of the P-SMBG. 

The testing procedure in the quantitative study provided data to revise the P-SMBG. Finally, 

the outcomes of this study were discussed in the light of the results of the qualitative 

study, leading to the final P-SMBG. Another strength of this study is the involvement of 

both healthcare providers and patients in the development of the scale. A limitation of the 

study is that participants in the testing procedure were asked to participate by their own 

healthcare provider which may have led to a selection bias. Furthermore, the study was 

conducted only among patients who had sufficient knowledge of the Dutch language. 

Further research 

Research is necessary to investigate the clinically usefulness and to investigate whether the 

use of the P-SMBG scale leads to improvement in glycemic control and/or quality of life. 

Another issue is whether the scale can be used for assessing clinically important changes in 

perception over time. The measurement of the longitudinal validity that is the sensitivity to 

change of the scale could answer this question. 
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The qualitative study was conducted in patients who had sufficient knowledge of the Dutch 

language. Therefore, research is needed in patients with other languages and/or in patients 

from different ethnic backgrounds. Furthermore, the instrument is not translated in nor 

validated for English .  A translation and validation process will be necessary to be able to use 

the instrument in the English language. 

Finally, the possibility of an uni-dimensional scale, the test-retest reliability, the influence 

of negatively and positively worded items and the formulation of item 18 need attention in 

future studies. 

In conclusion, the P-SMBG is a valuable instrument in assessing both positive and negative 

perceptions of SMBG in clinical practice. The findings confirm the scale's satisfactory 

psychometric properties in insulin-treated patients with diabetes. 

Gaining insight into the patients' perception of SMBG and discussing this perception can help 

to tailor the practice to an individual patient and to the best use of SMBG. This knowledge 

could be expected to improve the quality of patients' lives and/or the clinical parameters. 

Further research is necessary to confirm these expectations and to investigate the clinical 

usefulness, the sensitivity to changes in perception over time and the usefulness of the 

P-SMBG in other patient categories. 
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Abstract 

Objective 

Patients' adherence to guidelines regarding self-monitoring of blood glucose (SMBG) is 

limited. However, there are no previous reports about the recommendations that are given 

in clinical practice concerning SMBG. The aim of this study was to investigate what healthcare 

providers recommend to insulin-treated patients with diabetes regarding frequency and 

timing of SMBG. 

Methods 

In this cross-sectional descriptive study, primary care assistants, diabetes specialized nurses 

and doctors in the Netherlands were invited via e-mail to complete an internet survey. 

Results 

A total of 980 (14%) professionals returned the questionnaire. Insulin pump users and 

patients with type 1 diabetes on 4 injections a day were advised to perform SMBG daily by 

96% and 63% of the professionals, respectively. The majority of the professionals advised 

these patients to perform 3-4 measurements per day. There was less agreement on the 

timing (pre- and/or postprandial). Patients with type 2 diabetes on four injections were 

advised to perform SMBG less frequently. There was a wide variation in recommendations 

that were given to patients with type 2 diabetes on less intensive insulin regimens. 

Conclusions 

This study investigated SMBG from a professional's perspective. A considerable and relevant 

variation in the recommendations about the number and timing of SMBG was observed. 

The most striking differences were found in patients with type 2 diabetes on less intensive 

insulin regimes, also with respect to the frequency of SMBG. Well-designed studies are 

necessary in order to give a more evidence-based advice on the basic frequency and timing 

of SMBG. 
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Introduction 

A broad consensus exists on the importance of self-monitoring of blood g lucose (SMBG) in 

patients with diabetes who are treated with insulin. The aim of SMBG is to achieve optimal 

glycemic control in order to decrease the risk of long-term complications of diabetes (1-3). 

The results of SMBG are used to assess the efficacy of therapy, and to guide adjustments in 

medication, food intake and physical activity. However, the optimal frequency and timing of 

SMBG are not known (3-7). In absence of clear evidence-based recommendations, Diabetes 

United Kingdom (UK) has undertaken further consultation with professionals and people 

with diabetes, leading to a wider consensus on the recommendations. An overview of 

the recommendations of Diabetes UK and the recommendations of the Netherlands, the 

USA and Canada is presented in Table 1 (4-7). The recommendations of Diabetes UK, the 

American Diabetes Association (ADA) and the Canadian Diabetes Association do not differ 

much. However, the Dutch recommendations generally advise a lower frequency of SMBG 

(5). 

Table 1. Gu idel i nes regarding the frequency and timing of SMBG in insu l in-treated patients with 

diabetes. 

The Netherlands UK ADA Canada 

1 or 2 insulin 1 day a week or every Type 1 diabetes: � 2 Type 2 diabetes: 2 injections: 

injection(s) two weeks: times a day, unclear: SMBG may be � 3 times a day, pre-

4 times preprandial or 8 Type 2 diabetes: 1-2 useful as a guide to the and postprandia l  

times a day times a day, varying success of therapy 1 injection: � once a 

the time day at variable times 

MDI 3 days a week: 4 times 2-4 times � 3 times a day � 3 times a day, pre-

preprandial or 2 days a a day and postprandial 

week: 8 times 

CSI I  3 days a week: 4 times 4-6 times � 3 times a day � 3 times a day, pre-

preprandial or 2 days a a day and postprandial 

week: 8 times 

MDI : = mu ltiple da i ly injections; CSI I  = continuous subcutaneous insu l in  infusion 

Severa l studies investigated the adherence to the SMBG guidelines among patients with 

diabetes by using questionnaires or databases on the dispense of blood glucose strips (8-

11). The results of these studies show that patients do not perform SMBG on a regular basis, 

and patients' adherence regarding SMBG is limited. However, there are no previous reports 

about the recommendations that are given in clinical practice concerning blood glucose 

testing. 
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The aim of this study was to investigate what healthcare providers in the Netherlands 

recommend to insulin-treated patients with diabetes, who are in stable good glycemic 

control, regarding the frequency and timing of SMBG. 

Materials and Methods 

Design 

In this cross-sectional descriptive study, an internet survey was used to collect data. The 

study was part of a larger survey. The other part of the internet survey was a questionnaire 

with ten questions about the interpretation of Haemoglobin AlC (HbAlC} . The study was 

carried out from March to June 2010. 

Participants 

A total of 6965 primary care assistants, diabetes specialized nurses and doctors from the 

database of the Langerhans Medical Research Group were invited by e-mail to participate 

in this survey. Furthermore, a message containing a link to the survey was placed on the 

website of the Dutch Association for diabetescare professionals (EADV). 

Data collection 

Participants anonymously completed a self-report questionnaire containing a maximum 

of 33 questions. The questionnaire included three questions about the profession, the 

province and the number of patients with type 1 diabetes and patients with type 2 diabetes 

in their practice. The items of the questionnaire were derived from the SMBG guidelines. 

The surveys were then checked for clarity, length and inappropriate use of jargon by four 

diabetes specialized nurses, who did this independently from one another. 

Ten subcategories of patients were created, based on the type of diabetes and the kind of 

insulin therapy. Patients with type 1 diabetes were categorised into three groups: [1] patients 

on 4 insulin injections a day (multiple daily injections, M DI), including short-acting human 

insulin, [2] MDI, including rapid-acting insulin analogue, and [3] patients with a continuous 

subcutaneous insulin infusion (CSII). Insulin-treated patients with type 2 diabetes were 

divided into seven groups: [1] 1 injection with long-acting insulin a day, [2] 2 injections with 

long-acting insulin a day, [3] 2 injections with premixed insulin a day, including short-acting 

human insulin, [4] 2 injections with premixed insulin a day, including rapid-acting insulin 
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analogue, [SJ MDI, including short-acting human insulin, [6] MDI, including rapid-acting 

insulin analogue, and [7] CSII. 

In the Netherlands, patients with type 1 diabetes are almost always treated with MDI or with 

CSII. Therefore, the recommendations given to patients with type 1 diabetes who are using 

a non-intensive insulin regimen are not included in this study. The same three questions 

were asked for each category: in general, what advice do you give to insulin-treated patients 

with diabetes, who are in stable good glycemic control, regarding: 

1. The frequency of SMBG 

2. The number of measurements per day 

3. The timing of SMBG 

In the Netherlands, stable good glycemic control generally corresponds with an HbAlC < 53 

mmol/mol (7.0%) (12). 

Data analysis 

The questionnaires were analysed using frequency distributions. SPSS software (version 

15.0) was used for the analyses. 

Results 

A total of 980 professionals (14%) returned the questionnaire, including 531 (54%) primary 

care assistants, 168 (17%) diabetes specialized nurses working in a general practice, 

166 (17%) diabetes specialized nurses working in an outpatient clinic, 81 (8%) general 

practitioners, and 34 (4%) other professionals. 

An overview of the different recommendations regarding the frequency, number of 

measurements per day and timing of SMBG given by professionals is presented in Tables 

2 to 4. There were no relevant differences between recommendations that were given to 

patients who used short-acting human insulin as part of an MDI regimen, and the patients 

who used rapid-acting insulin analogue. Therefore, the recommendations to patients using 

short-acting human insulin were not presented in this paper. 
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Table 2. Recommendations regarding frequency of SMBG 

Insulin therapy1 Every 1 day a 2 - 3 days 1 day in Every Before visiting 
day week a week 2 weeks month the healthcare 

provider 

Ty�e 1 diabetes 
4 injections with RA/LA, n=171 108 (63) 22 (13) 23 (14) 9 (5) 9 (5) 
CSII N=98 94 (96) 2 (2) 1 (1) 1 (1) 
Ty�e 2 diabetes 
1 injection with LA, n=546 20 (4) 113 (21) 39 (7) 204 (37) 140 (26) 30 (5) 
2 injections with LA, n=194 9 (5) 52 (27) 13 (7) 73 (37) 41 (21) 6 (3) 
2 injections with PM, n=427 20 (5) 116 (27) 51 (12) 139 (32) 94 (22) 7 (2) 
4 injections with RA/LA, n=298 73 (25) 86 (29) 68 (23) 48 (16) 20 (6) 3 (1) 
CSII n= 67 64 (96) 3 (4) 

Data in n (%): n is the number of professionals. 
1 RA/LA: rapid-acting insulin analogue (3 times a day), long-acting insulin (once every day) 
LA: long-acting insulin 
PM: premixed insulin with rapid-acting insulin analogue and long-acting insulin 
CSII: continuous subcutaneous insulin infusion 

Table 3. Recommendations regarding the number of measurements per day. 

Insulin therapy1 1 - 2 a day 3 - 4 a day 5 - 7  a day 
T e 1 diabetes 
4 injections with RA/LA, n=171 
CSI I N=99 
T e 2 diabetes 
1 injection with LA, n=546 
2 injections with LA, n=194 
2 injections with PM, n= 427 
4 injections with RA/LA, n= 298 
CSII n=67 

Data in n (%): n is the number of professionals. 

14 (8) 119 (70) 
4 (4) 69 (70) 

157 (29) 281 (51) 
29 (15) 116 (60) 

38 (9) 248 (58) 
17 (6) 162 (54) 
7 (10) 43 (64) 

1 RA/LA: rapid-acting insulin analogue (3 times a day), long-acting insulin (once every day) 
LA: long-acting insulin 
PM: premixed insulin with rapid-acting insulin analogue and long-acting insulin 
CSII : continuous subcutaneous insulin infusion 

38 (22) 
26 (26) 

108 (20) 
49 (25) 

141 (33) 
119 (40) 
17 (26) 

In general, there is agreement among professionals with respect to recommendations 

to patients with either type 1 or type 2 diabetes who use CSII to measure their glucose 

concentration daily. However, about two thirds of the professionals advised these patients 

3-4 measurements per day, and most of the other professionals advised 5-6 measurements 

per day. There was less agreement on the timing of SMBG. Alternating pre- or postprandial 

and pre- and postprandial measurements (about 37%) and preprandial measurements 

(about 30%) were most frequently advised. 
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We observed more variation in the recommendations with less intensive insulin regimens. 

The majority {63%) of the healthcare providers advised patients with type 1 diabetes on 

an MDI regimen to perform SMBG daily, compared with 25% of the patients with type 2 

diabetes on such a regimen. In both MDI groups, the recommendations on the number of 

measurements a day were (almost) similar to those in the CSI I  group. However, the variation 

in the timing of measurements was greater. 

Concerning the frequency of SMBG in patients with type 2 diabetes on 1 or 2 insulin injections 

a day, once every two weeks was most frequently reported (32-37%), followed by one day 

a week {21-27%) and one day a month (21-26%). Just over 50% of the professionals a dvised 

these patients to perform SMBG 3-4 times on the specified days. Preprandial measurements 

were most frequently advised (29-37%). 

Table 4. Recommendations regarding the timing of SMBG. 

Insulin therapy1 

Type 1 diabetes 
4 injections with RA/LA 
n=171 
CSII 
N=99 
T e 2 diabetes 
1 injection with LA 
N=546 
2 injections with LA 
n=194 
2 injections with PM 
n=427 
4 injections with RA/LA 
n=298 
CSI I 
n=67 

12 2 3 

3 
(2) 
2 
(2) 

55 32 45 
(10) (6) (8) 
2 11 15 
(1) (6) (8) 
2 19 31  
(1) (5) (7) 
0 3 22 

(1) (7) 
0 0 0 

Data in n (%): n is the number of professionals. 

4 

64 
(37) 
29 
(29) 

168 
(31) 
72 
(37) 
124 
(29) 
88 
(30) 
20 
(30) 

5 6 7 8 

10 19 28 28 
(6) (11) (16) (16) 
1 12 12 39 
(1) (12) (12) (40) 

80 33 53 10 
(14) (6) (10) (2) 
33 13 22 7 
(17) (7) (11) (3) 
89 39 65 19 
(21) (9) (15) (4) 
41 59 45 25 
(14) (20) (15) (8) 
2 3 12 23 
(3) (5) (18) (34) 

1 RA/LA: rapid-acting insulin analogue (3 times a day), long-acting insulin (once every day) 
LA: long-acting insulin 
PM: premixed insulin with rapid-acting insulin analogue and long-acting insulin 
CSI I :  continuous subcutaneous insulin infusion 

9 

19 
(12) 
4 
(4) 

70 
(13) 
21 
(10) 
39 
(9) 
15 
(5) 
7 
(10) 

2 1. fasting, 2. fasting and before evening meal or bed time, 3. alternating fasting and pre- and/or 
postprandial ,  4. preprandial, 5. postprandial ,  6. pre- and postprandial (7 measurements), 7. al ternating 
pre- and postprandial , 8. alternating pre- or postprandial and pre- and postprandial, 9. other 
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Discussion 

The majority of the professionals in the Netherlands advised patients using CSI I (both type 

1 diabetes and type 2 diabetes) and patients with type 1 diabetes on an MDI regimen to 

measure the blood glucose concentration 3-4 times a day. However, there is less agreement 

on the timing (pre- and/or postprandial with or without alternation) of SMBG. Patients with 

type 2 diabetes were advised to test their blood glucose less frequently, even when they 

used a similar insulin regimen. Furthermore, our study shows there is a wide variation in 

the recommendations that are given to patients with type 2 diabetes on 1 or 2 injections a 

day with respect to the frequency, the number of measurements per day and the timing of 

blood glucose testing. 

Only a minority of the professionals advised patients with type 1 diabetes to perform SMBG 

2-3 days a week, as recommended in the Dutch guideline {1-14%) (5). Most of the profes

sionals advised to perform SMBG daily, which is in accordance with the recommendations of 

the Diabetes UK, the ADA and the Canadian Diabetes Association (4,6, 7). In the guidelines, 

no distinction is made between the recommendations to patients with type 1 diabetes using 

an intensive insulin regime or CSI I , and patients with type 2 diabetes with the same insulin 

regimen.  In daily practice, however, patients with type 1 diabetes using an intensive insulin 

regimen were advised to measure more frequently than patients with type 2 diabetes with 

the same insulin regimen .  A higher number of professionals (but sti l l  only 23%) advised 

these patients with type 2 diabetes to perform SMBG 2-3 days a week, as recommended in 

the Dutch guideline. Just a quarter of the professionals advised them to test daily. 

As for patients with type 2 diabetes on 1 or 2 insulin injections per day, 58 to 64% of the 

professionals reported that they recommend to measure the b lood glucose concentration 1 

day each week or 1 day every two weeks, as recommended in the Dutch guidelines. However, 

nearly a quarter of the professionals advised to perform SMBG on a monthly basis. 

In the Netherlands, there are other guidelines (clinical practice guidelines for general 

practitioners) for the treatment of diabetes in which patients with type 2 diabetes are advised 

to perform SMBG less frequently. For example, it is stated that patients on 1 injection a day, 

who are in stable good glycemic control, do not have to measure their glucose concentration 

several times a day. Measuring a fasting glucose concentration and an HbAlC once every 3 

or 6 months is sufficient {12). 
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Perceptions of the healthcare providers, based on their experiences of the basic frequency 

and timing of SMBG, sufficient to maintain the glycemic goals, could be the explanation 

for the differences between daily practice and the guideline recommendations. Another 

possibility may be that the healthcare providers just do not know what the guidelines 

recommend. 

Yet, an advice on SMBG can have great consequences for patients. Studies among patients 

with diabetes on oral medication and insulin-treated patients with diabetes show that 

performing SMBG can lead to a decreased quality of life (13-17). Complexity of the treatment 

is one of the factors leading to inconvenience for patients, which in turn leads to non

adherence to SMBG (for example, alternating the timing of measurements and postprandial 

measurements) (17). Furthermore, there is a debate over the need to test the postprandial 

blood glucose. Although there are arguments that postprandial levels need to be considered 

as important for the long-term complication risk, the verdict on this assumption is still out 

(18,19). Therefore, routinely advising postprandial controls might be superfluous. This 

advice could be given to patients who show good preprandial glucose levels, but still have 

an unsatisfactory high HbAlC, or to patients with special conditions, for example in case of 

pregnancy. Unnecessary measurements will also lead to unnecessary costs. 

We conclude that it is important for studies, that investigate the adherence to SMBG 

guidelines to take into account the variation in recommendations that are given to patients 

by healthcare professionals. When non-adherence to a specific guideline is observed, it 

may well be that this is due to the advice they received form their healthcare provider. 

Therefore, the results of studies, that investigated SMBG from a patient's perspective or by 

using databases on the dispense of blood glucose strips, should be interpreted with caution. 

The aim of SMBG should be to reach the glycemic goals with the least amount of 

inconvenience and complexity. However, more research is necessary in order to give a more 

evidence-based advise on the basic frequency and timing of SMBG, taking into account the 

glycemic goals, quality of life and costs. 

A limitation of our study is the limited response to the internet survey. One reason might be 

that the number of inactive e-mail addresses was unknown. The limited response may have 

led to a non-response bias. Unfortunately, we do not have data on the characteristics of the 

non-respondents. However, because we were able to use large databases, the total number 

of respondents is still considerable. 

Finally, we have initiated a new study to investigate the effect of a specific frequency of 

SMBG on glycemic control and quality of life in patients with type 2 diabetes who are on 1 

injection a day. 
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Conclusion 

This study investigated SMBG from a professional's perspective, providing a different view of 

blood glucose testing. It is an important and neglected aspect of SMBG in clinical practice. 

We observed a considerable and relevant variation in the recommendations about the 

number and timing of SMBG. The most striking differences were found for patients with type 

2 diabetes on less intensive insulin regimens, also with respect to the frequency of SMBG. 

Hopefully, the results of this study lead to an increased awareness among professionals 

about the recommendations they give. Well-designed studies are necessary in order to 

obtain more knowledge on the basic frequency and timing of SMBG, taking into account the 

glycemic goals, quality of life and costs. 
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Abstract 

Objective 

Self-monitoring of blood glucose {SM BG) is an important tool in diabetes ca re. However, 

there is no evidence for any specific frequency. Our aim was to investigate the effect of 

three different frequency regimens of SMBG in patients with type 2 diabetes, in stable good 

glycemic control, using one insulin injection daily. 

Methods 

Eligibility criteria were: > 18 years of age, performing SMBG > one year, HbAlc � 58 mmol/ 

mol {� 7.5%) in the preceding 12 months. Fifty-eight patients were randomly assigned for 

measuring four blood glucose concentrations either one day weekly {group A), one day 

fortnightly {group B), or one day monthly {group C). The main study pa rameters were: 

change in HbAlc, quality of life and diabetes self-care measured with the Short Form Health 

Survey {SF-12), the Problems Areas in Diabetes {PAID) scale and the Summary of Diabetes 

Self-Care Activities {SDSCA). 

Results 

There were no significant changes between groups in HbAlc, SF-12, PAID, and SDSCA, except 

for two dimensions of the SF-12. Emotional related role limitation was significantly lower in 

group A compared to group C {mean difference:-0.19, 95%Cl:-0.38 to -0.01). Vitality was 

significantly lower in group B compa red to group A {mean difference:-0.89, 95%Cl:-1.56 to 

-0.21) and to group C {mean difference:-1.02, 95%Cl:-1.71 to -0.34). 

Conclusions 

A less intensive frequency of SMBG in patients with type 2 diabetes in stable good glycemic 

control, using one insulin injection daily, does probably not lead to a clinically relevant 

difference in HbAlc, quality of life or diabetes self-care. 

Registry number clinical trials: NCT01460459 
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Introduction 

Self-monitoring of blood glucose (SMBG) is an important tool in the management of diabetes 

mellitus in patients using insulin. It can help to improve glycemic control in insulin-treated 

patients with type 2 diabetes (1-3). However, the optimal frequency and timing of SMBG are 

not known. As a result, there is a lack of clear evidence-based recommendations. The SMBG 

guidelines offer a variety of recommendations, especially concerning patients with type 2 

diabetes using one or two insulin injections per day (4-7). The recommendations for these 

patients vary between unclear, the frequency should be sufficient to facilitate reaching 

glucose goals, and at least three times daily. A study of healthcare providers showed that 

there were relevant differences in the recommendations of professionals regarding the 

frequency of SMBG. This was especially true for patients with type 2 diabetes on less 

intensive insulin regimens (8). 

Yet, studies show that performing SMBG can have a significant effect upon the quality of life 

in insulin-treated patients with diabetes (9-11). However, no studies have investigated the 

effect on both glycemic control and quality of life of a specific frequency of SMBG in insulin

treated patients. 

The aim of the study was to investigate the effect of three different frequency regimens 

of SMBG on glycemic control, quality of life and diabetes self-care in patients with type 2 

diabetes, who were in stable good glycemic control, and who were treated with one insulin 

injection daily. 

Research Design and Methods 

Design 

The study was an open, randomized, parallel group trial with three arms, in order to 

compare three different frequency regimens for SMBG. The study lasted nine months for 

each patient. It was carried out between March 2011 and October 2012 and was conducted 

in general practices in the Netherlands. 

Participants 

Patients were recruited from general practices (GPs) who participated either in: a GP Care 

Group, in the Zwolle Outpatient Diabetes project Integrating Available Care (ZODIAC) 

(12), and/or in the Diabetes GP Advisory Group (DiHAG). In total, 341 GPs were asked to 

participate in the study. 
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Patients were eligible if they had been diagnosed with type 2 diabetes, were aged 18 or 

over, used one insulin injection daily, had performed SMBG for a minimum of one year, 

had an HbAlc � 58 mmol/mol in the preceding 12 months, had sufficient knowledge of the 

Dutch language, had no hypo-unawareness, and, according to their G P, had no serious co

morbidity. 

Approval for the study was obtained from the local medical ethics committee of the lsala 

Clinics, Zwolle. All patients gave informed consent. 

Intervention 

Patients were instructed to measure their blood glucose concentrations four times per day 

(before meals and bedtime), one day per week in group A, one day per fortnight in group B 

and one day per month in group C. They were asked to keep a diary with the readings and 

any additional measurements, including the reasons for taking the measurements. They 

used their own blood glucose meter, which was checked by their healthcare provider. 

Patients continued to receive the care normally offered by their healthcare provider every 

three months. The HbAlc was measured every three months after baseline. In the event of 

an increase of HbAlc > 58 mmol/mol, the patient's doctor was asked to consider changes 

in drugs or insulin dose according to the Dutch guidelines, and to consider changes in 

the frequency of SMBG. In that case, healthcare providers were asked to use the study 

frequency as much as possible for evaluation of the changes in medication. This could 

mean that patients belonging to the monthly monitoring group were asked to measure 

their glucose concentrations earlier that month. In cases where this was not sufficient, 

healthcare providers were asked to document their recommendations and to return to the 

study f requencies as soon as possible. 

Randomization 

After inclusion and informed consent, the healthcare provider made a telephone call to 

the researcher. Patients were randomly assigned by the researcher to one of the three 

frequency groups. The following method of blinding randomization was used. A total of 150 

cards with numbers A, B, and C were divided into three opaque envelopes in order to use 

block randomization. Both the first and second envelope contained 17 cards with number 

A, 17 cards with number B and 17 cards with number C. The third envelope contained 

16 cards of each number. The researcher started with the first envelope and drew a card 

for randomization. Patients with the number A, B or C were assigned to group A, B or C, 
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respectively. After all the cards of the first envelope were drawn, the researcher started with 

the second envelope. 

Outcome 

The main study parameter was glycemic control, measured by HbAlc. A difference of 

greater than 5.5 mmol/mol (> 0.5%) in baseline and endpoint HbAlc between groups was 

considered to be relevant. Secondary endpoints were health-related quality of life and 

diabetes self-care, comparing mean differences for the mean scores on the questionnaires. 

Other predefined endpoints were the number of hypo- and hyperglycemic events, reported 

in the diary and the fasting blood glucose concentrations every first week. Finally, the 

number of additional diabetes-related contacts with the healthcare provider and the 

diabetes medication, including the insulin dose, were collected from the medical records 

and the diabetes diary, and compared between groups. 

Measurements 

Data collected at baseline included: diabetes duration, duration of SMBG, medication, blood 

pressure, length, weight, smoking status, alcohol status, macrovascular complications (yes 

or no), foot examination, retinopathy (yes or no), total cholesterol, high-density lipoproteins 

(HDL), low-density lipoproteins (LDL), triglycerides, total cholesterol/HDL and urinary 

albumin/creatinine ratio. 

HbAlc levels were measured every three months. In addition, at baseline and after nine 

months, patients were asked to fill out three validated questionnaires: the 12-item Short 

Form Health Survey (SF-12) (13-14), the Problem Areas in Diabetes (PAID) scale (15), and 

the Summary of Diabetes Self Care Activities (SDSCA) survey (16). The SF-12 consists of a 

selection of 12 items from the generic measure of health-related quality of life (SF-36). The 

SF-12 consists of eight subscales. Higher scores indicate a better perceived general quality 

of life. The PAID is a 20 item scale to assess the current level of diabetes-related emotional 

distress. Higher scores indicate higher emotional distress. The SDSCA assesses the self-care 

activities during the past seven days, using a 13 item scale. A total of 11 items is scored from 

0 to 7 representing the number of days on which activities were performed in the last week. 

The other two items concern smoking status and use of alcohol. The SDSCA consists of eight 

subscales. The subscale self-monitoring of blood glucose was not used in this study. 

107 



Chapter 8 

Statistical analysis 

Descriptive statistics included measures of central tendency, and of dispersion. All data were 

reviewed for normality using Q-Q plots and parametric and non-parametric tests were used 

as appropriate. 

The primary objective was HbAlc at month nine (intention-to-treat). The sample size was 

calculated by using the computer program PASS-2008. To detect a difference in HbAlc of 5 .5 

mmol/mol (SD 6.8 mmol/mol) with a power of 90%, alpha 0.05/3, 2-tailed, the sample size 

of the study should be 43 patients in each group. The aim was to include 50 patients in each 

group in order to take into account drop-out. 

Data were analyzed using a mixed model. The fixed factors were the study arm and the 

measurement time while the patients were the random factor. Baseline HbAlc was set as 

a covariate. Bonferroni correction was used to adjust for multiple testing. P-values were 

tested two-tailed. For the primary end point predefined separate analyses were performed 

for patients who were compliant to the intervention (at least 80% of the requested glucose 

measurements). 

The fasting blood glucose concentrations for each first week were used in the study to 

investigate if there were any differences between the blood glucose concentrations. The 

baseline fasting blood glucose concentration was set as a covariate. 

The response variables smoking and use of alcohol were coded into binary variables because 

of a skewed distribution, and analyzed using the Generalized Linear Model (GLM), with a 

binary distribution and the logit link function. 

Results 

A total of 68 general practices {20%) signed and returned the participation form. Only 38 

practices included one to three {56%). Sixty-six patients were included and randomized of 

which 58 patients participated in the study. Eight patients did not start because in the end 

they were either not motivated, found it much too burdensome, got another disease shortly 

after the randomization, or were confronted with a serious illness in the family: one patient 

in group A, five patients in group B and two patients in group C. Figure 1 shows the flow of 

patients throughout the trial. Six patients were lost for follow up. Five patients got other 

diseases and one patient moved abroad. 
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assessed for el igibi l ity 

I n=76 

Excluded: 
-not meeting incl usion 
criteria (n=lO) 

randomised 

I n=66 

Excluded : 
-not participated 
(n=8) 

participated 

I n=S8 

a l located to weekly a l located to a l located to monthly 
group (A) fortnightly group (B) group (C) 
(n=22) (n=16) (n=20) 

lost to follow up lost to follow up lost to follow up 
(n= 2) (n=l) (n=3) 

analyzed (n= 20) analyzed (n=lS) analyzed (n=17) 

analysis based on analysis based on analysis based on 
intention to treat intention to treat intention to treat 
principle principle principle 

Figure 1. Flow d iagram. Number of participants in stages of the trial. 

The baseline characteristics of the participants are presented in Table 1. There were 

differences among patients with regard to the fasting blood glucose concentrations. Group C 

had the longest median diabetes duration. No relevant differences were found for the other 

variables. A total of 65% of the patients group A, 63% of the patients in group B and 59% 

of the patients in group C performed at least 80% of the requested glucose measurements. 
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Table 1. Baseline characteristics 

A: SMBG 1 day B: SMBG 1 day C: SMBG 1 day 
weekly (n=22) fortnightly (n=16) monthly (n=20) 

Gender (male) 13 (59) 8 (SO) 12 (60) 
Age (years) 67± 12 69 ± 9 65 ± 9 
Diabetes duration (year) 11 (6,15) 8 {6,13) 13 (7,17) 
Body Mass Index (kg/m2) 30.0  ± 4.1 30.2 ± 2. 8 29.5 ± 3 .6 
Systolic blood pressure (mmHg) 141 ± 14 134 ± 11 133 ± 16 
Diastolic blood pressure (mmHg) 81 ± 10 76 ± 9 77 ± 9 
HbAlc (mmol/mol) 51 ± 4.7 52 ± 4.6 51 ± 5.6 
Fasting blood glucose concentration (mmol/L) 6.7 {6.0,7.2) 5.9 (4.8,6.4) 6.5 (S .4,8.2) 
Total cholesterol (mmol/L) 3.9 {3 .3,4.9) 3.9 (3.5,4.1) 4.2 {3.2,4.6) 
Cholesterol / HDL ratio 3 .30  (2.90,4.00) 3 .60 (3 . 30,4.25) 3.40 (2.83,4.40) 
Triglyceriden (mmol/L) 1.35 (0.90,1.90) 1.80 (1.05,2.00) 1.48 {1.03,1.80) 
HDL (mmol/L) 1.21 ± 0.28 1. 15 ± 0.35 1.22 ± 0.36  
LDL (mmol/mol/L) 2.35 ± 0.91 2. 17 ± 0.63 2.08 ± 0.71 
Serum creatinine (µmol/L 71 {62,83) 73 {60,97) 76 (63,82) 
Albumin creatinine ratio 1.00 (0.30,2.00) 1.56 (0.99,4.85) 0.80 (0.50,2.30) 
Macrovascular complications (yes) 5 {23) 6 (38) 5 (25) 
Retinopathy (yes) 0 (O) 1 (6) 3 {15) 
Foot examination (no high risk feet) 16 (73) 10 (63) 16 {80) 
Smoking (yes) 4 { 18) 2 {13)  3 (15) 
Alcohol use (yes) 12 (55) 6 (38) 10 (SO) 
Duration SMBG {year} 4 {217} 4 (31

7} 5 (4
1
6} 

Data are mean ± SD, n (% of known data) or median {P25,P75) 

Mean HbAlc levels were 51 mmol/mol (SD 4.7) in group A, 52 mmol/mol (SD 4.6) in group 

B and 51 mmol/mol (SD 5.6) in group C. Table 2 shows HbAlc levels at different time points 

in the study and the estimated changes from baseline to nine months within the groups, 

and the estimated differences between groups. There were no significant changes within 

and between the groups. When performing the analysis in the subgroup of compliant 

patients, the mean differences at nine months, adjusted for baseline, were between group 

B compared to group A: -1.20 (95%Cl:-5.63 to 3.24, P>0.05), between group C compared to 

group A: -4.41 (95%Cl :-8.90 to 0.09, P=0.056) and between group C compared to group B: 

-3.21 (95%Cl:-8.02 to 1.60, P>0.05). 

Furthermore, no significant differences were found regarding the fasting capillary glucose 

concentrations. The mean differences were between group B compared to group A: -0.38 

(95%Cl:-0.80 to 0.04), group C compared to group A: -0.23 (95%Cl:-0.64 to 0.19) and group 

C compared to group B: 0.15 (95%Cl:-0.32 to 0.62), all p-values were > 0.05 . 
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Table 2. HbAlc levels at different time points and estimated changes between and within groups. 

Baseline 3 months 6 months 9 months 

Weekly group (A) 51.1 ± 4.7 52.1 ± 5.4 52.2 ± 5.0 54.4 ± 6.8 
Fortnightly group (B) 51.6 ± 4.6 51.3 ± 7.8 50.2 ± 5.8 53.1 ± 5.8 
Monthly group (C) 51.2 ± 5.6 51.1 ± 5.6 50.2 ± 9.0 51.8 ± 6.6 
* from baseline to 9 months 

Estimated changes between groups adjusted for baseline differences 

Groups 
Time 
3 months 
6 months 
9 months 

B minus A 
-0.62 (-4.83, 3 .59) 
-2.40 (-7.31, 2.51) 
-1.72 (-5.60, 2.17) 

C minus A 
-1.16 (-5.10, 2.79) 
-2.51 (-7.12, 2.10) 
-2.70 (-6.35, 0.95) 

Estimated changes 
within groups* 
3.32 (-1.38, 8.01) 
1.50 (-4.01, 7.01) 
0.60 (-4.33, 5.53) 

C minus B 
-0.53 (-4.83, 3 .77) 
-0.11 (-5.02, 4.80) 
-0.98 (-4.94, 2.98) 

Data are mean ± SD, estimated changes (95% Cl , Bonferroni corrected). Al l p-values > 0.05 

The changes in the outcome of the SF-12, PAID and SDSCA are presented in table 3. The 

data for the subscale smoking and alcohol use are not shown, because the GLM analysis 

showed no significant results and extremely wide confidence intervals. All patients 

reported to take their medicine or inject their insulin each day (data not shown). There 

were significant changes between the groups in only two dimensions of the SF-12. Group 

A perceived significantly more role limitations (emotional problem) compared to group C 

(mean difference: -0.19, 95%Cl:-0.38 to -0. 01, p=0.04). Vitality was significantly lower in 

group B compared to group A (mean difference:-0.89, 95%CI :  -1.56 to -0. 21, p=0.01) and 

compared to group C (mean difference:-1.02, 95%Cl:-1.71 to -0.34, p=0.001). 

Eight patients reported incidences of at least one, mild, hypoglycemia, and consequently 

took extra measurements. These comprised two patients from the group A, three patients 

from the group B and three patients from group C. No symptoms of hyperglycemia were 

reported by any of the participants. 

Additional diabetes-related contacts were reported for two patients: one patient in group B 

and one patient in group C. The diabetes medication was changed at least once in twenty

two patients: seven patients in group A (32%), six patients in group B (38%) and nine group C 

(45%). The insulin dose changed at least once in sixteen of these patients. These comprised 

six patients in group A, two patients in group B and eight patients in group C. 
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Table 3. Changes in questionnaires outcome, the SF-12, PAID and SDSCA, after 9 months 

Changes Changes Changes Changes Changes Changes 
within within within between between between 
weekly fortnightly monthly group B vs A group C vs A group C vs B 
group (A) group (B) group (C) {95%CI) {95%CI) {95%CI) 

SF-12 �C£!1� 

Physical function -0.03 -0.38 -0.06 -0.19 0.19 0.38 
Range: 2 - 6 (-0.43,0.38) (-0.83,0.10) (-0.48,0.37) (-0.57,0.19) (-0.17,0.55) (-0.01,0. 76) 
Social Function 0.27 -0.33 0.17 -0.40 0.13 0.53 
Range: 1 - 5 (-0.37,0.91) (-1.07,0.40) (-0.50,0.84) (-1.00,0.20) (-0.44,0.70) (-0.08,1.14) 
Role l imitations -0.08 -0.07 0.17 -0.01 0.22 0.23 
(physical problem) (-0.34,0.19) (-0.37,0.24) (-0.11,0.44) (-0.26,0.23) (-0.01,0.46) (-0.02,0.49) 
Range: 2 - 4 

Role l imitation 0.13 0.03 0.08 0.01 0.19 0.18 
(emotional (-0.08,0.33) (-0.20,0.27) (-0.13,0.30) (-0.18,0.21) (0.01,0.38)* (-0.02,0,38) 
problem) P=0.04 
Range: 2 - 4 

Mental health: 0.18 -0.23 0.06 -0.21 0.15 0.36 
Range: 2 - 12 (-0.37,0.73) (-0.86,0.39) (-0.51,0.63) (-0. 72,0.30) (-0.34,0.63} (-0.16,0.88) 
Vitality -0.23 -0.47 0.22 -0.89 0.14 1.02 
Range: 1 - 6 (-0.95,0.50) (-1.29,0.36) (-0.53 ,0.98) (-1.56,-0.21)* (-0.51,0.78) (0.34,1.71)* 

P=0.01 P=0.001 

Bodily pain 0.41 -0.35 0.28 0.02 0.30 0.28 
Range: 1 - 5  (-0.24,1.06) (-1.12,0.41) (-0.40,0.96) (-0.60,0.64) (-0.28,0.88) (-0.35,0.91) 
General h ealth -0.10 -0.13 -0.17 -0.13 0.03 0.16 
Range: 1 - 5  (-0.61,0.41) (-0. 72,0.46) (-0.70,0.37) (-0.61,0.34) (-0.43 ,0.48) (-0.33,0.65) 

PAID 

Range: 0 - 4  0.01 0.27 0.06 0.06 0.10 0.05 
(-0.36,0.37) (-0.16,0.69) (-0.33,0.45) (-0.29,0.40) (-0.23,0.43) (-0.31,0.40) 

SDSCA 

General diet 0.78 -0.30 -0.06 0.10 -0.50 -0.60 
Range: 0 - 7 (-0.23, 1.78) (-1.47,0.87) (-1.12,1.01) (-0.85,1.04) (-1.40,0.40) (-1.59,0.37) 
Specific diet -0.30 0.06 0.14 0.27 -0.22 -0.50 
Range: 0 - 7  (-0.97,0.37) (-0.72,0.84) (-0.56,0.84) (-0.36,0.90) (-0.82,0.37) (-1.14,0.15) 
Foot care 0.10 0.30 -0.47 -0.09 0.05 0.14 
Range: 0 - 7 (-1.30,1 ,50) (-1.32,1 .92) (-1.95,1.01) (-1.41,1.22) (-1 .20,1 .30) (-1.20,1.49) 
Exercise -0.60 -0.87 0.33 -0.35 -0.07 0.28 
Range: 0 - 7 (-2.01,0.81) (-2.50,0.77) (-1.16,1 .82) (-1.67,0.97) (-1.33,1.19) (-1.08,1.63) 

Data are mean differences within and between groups (95% Cl) (Bonferroni corrected) 
Range: scores per subscale 
*significant differences 
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Conclusions 

For patients with type 2 diabetes who were in stable good glycemic control and using one 

insulin injection daily, no clinically relevant effects were found for a specific frequency of 

SMBG. There were no significant changes within and between groups in HbA1c. Furthermore, 

no clinically relevant differences between the groups were seen for the other parameters: 

quality of life, diabetes self care activities, fasting blood glucose concentrations, the number 

of reported hypo- and hyperglycemia, and the number of extra diabetes related contacts 

with a healthcare provider. 

Studies investigating the frequency of SMBG in insulin-treated patients with type 2 diabetes, 

show different outcomes (3,17-19). Almost all the studies investigated the relationship 

between the frequency of SMBG (number of prescribed or dispensed blood glucose 

monitoring strips or self-reported frequency of SMBG) and HbA1c in a cross-sectional study 

design with mean baseline HbA1c levels greater than 64 mmol/mol. Some studies found 

a HbA1c difference of 3.5 - 7 mmol/mol HbA1c when patients performed SMBG at least 

once daily, or a reduction of 1.8 to 7.2 mmol/mol per additional measurement per day. 

Other studies found no relationship between the frequency of SMBG and glycemic control 

in insulin-treated patients with type 2 diabetes (20-21). In none of these studies was the 

quality of life included. However, since performing SMBG can have a significant impact on 

the quality of life (11), the aim of SMBG should be to reach glycemic goals with the lowest 

possible frequency, that is the minimum of tests that is necessary, and the least amount of 

inconvenience and complexity (22). 

The strength of our study is that different frequencies of SMBG as used in daily practice were 

compared, based on the Dutch recommendations and the outcome of our survey study. 

A limitation of our study is the small sample size. We aimed at 150 patients in total, but 

we were only able to include 58 patients for a variety of reasons. Only a limited number of 

general practices (20%) could be included. The main reasons GPs gave for not participating 

were: other priorities, the amount of other activities, the capacity of healthcare providers, 

the lack of financial reward, and because they were already participating in other studies. 

The healthcare providers of the participating practices reported that they had expected to 

be able to include three patients on average. However, only 38 out of 68 general practices 

(56%) included one to three patients. They reported that patients did not meet the eligible 

criteria or did not want to participate. Some patients were used to a specific frequency, and 

either found it difficult, or did not want to change it for a period of time. Unfortunately, 

eight (12%) patients did not start after they were randomized. This loss was not balanced 

between the three groups which could suggest selective loss. 
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However, the confidence intervals of HbAlc were smaller than expected. The upper 

bound of confidence intervals of improvements in HbAlc of intensive SMBG compared 

to less intensive SMBG are well within the pre-specified margin of 5.5 mmol/mol (0.5%). 

The subscale vitality of the SF-12, and the subscales of the SDSCA had a relatively wide 

confidence interval. The results indicate that a lower frequency does not have a substantial 

effect upon glycemic control, the number of hypo- or hyperglycemia, or the diabetes self

care activities. In our study, no clinically relevant effect between the groups was seen on the 

quality of l ife. 

Further research is necessary in patients who are treated with a less intensive insulin 

regimen to investigate the effect of different frequencies of SMBG on glycemic control and 

quality of life to confirm the results of our study. Considering the outcome of our study, 

even a lower frequency of SMBG could be included in studies among patients with type 

2 diabetes, who are treated with one insulin injection daily and who are in stable good 

glycemic control, for example, four measurements during one or two days or a fasting blood 

glucose concentration, combined with a HbAlc, before the regular visits to the healthcare 

provider. 

In conclusion, the small changes in glycemic control and the scores of the SF-12, the PAID 

and SDSCA indicate that there were no large differences within groups or between the 

groups. A less intensive frequency of SMBG in insulin-treated patients with type 2 diabetes, 

who are in stable good glycemic control and using one insulin injection daily, does probably 

not lead to a clinically relevant difference in HbAlc or to a relevant effect on the quality of 

life and/or diabetes self-care activities. Based on the result of this thesis, these patients can 

be recommended to measure four blood glucose concentrations (before meals and before 

bed time) one day monthly. 

Further well-designed studies are necessary in order to obtain more knowledge on the 

frequency and timing of SMBG, taking into account the glycemic goals and quality of life. 
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General discussion 

The aim of this thesis was to investigate several important, underexposed and sometimes 

neglected aspects of self-monitoring of blood glucose (SMBG) in insulin-treated patients 

with diabetes. These aspects were: 

1. Which drop of blood should be used to acquire a reliable blood glucose concentration? 

2. What is the perspective of patients on SMBG, and how can the patient's perception on 

SMBG be assessed? 

3. What frequency of SMBG should a patient strive for, who has reached a stable good or 

acceptable glycemic control? 

In this chapter the main findings of the studies will be discussed, and concluding remarks 

and recommendations are made. The recently revised Dutch SMBG guideline is involved in 

the discussion (1). 

9.1 Which drop of blood should be used to acquire a reliable glucose concentration? 

Patients and healthcare professionals rely on glucose readings. The results of SMBG are 

used to take adequate decisions in relation to diet, exercise, and medication. The question 

is: should the first or the second drop of blood be used for glucose monitoring? 

Literature 

Many efforts have been made to improve the quality of glucose meters, and recently a 

new quality mark for self-test glucose meters was introduced (2-4). This quality mark states 

that a difference of at least 10% between control and intervention values is considered to 

be clinically relevant (4). However, no well-designed studies have ever been conducted on 

patients with diabetes to investigate the effect both of using the first or second blood on 

blood glucose values and washing hands. While this is a potentially important item regarding 

SMBG. Only one study investigated the differences between blood glucose concentrations in 

the first and the second drops of blood in 53 volunteers without diabetes (5). No differences 

were found in the blood glucose concentrations when the hands had been washed before. 

There seems to be general agreement in (international) SMBG guidelines regarding the use 

of the first drop when patients have washed their hands (1,6, 7). However, at the time of 

our study, no recommendations were given for situations in which patients were not able 

to wash their hands. 
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Daily practice 

Our survey study (chapter 2) of European diabetes educators showed that there is an almost 

general agreement regarding the use of the first drop of blood for SMBG when patients have 

washed their hands. However, 13% of the educators advised to use the first drop without 

washing hands. The majority of the diabetes educators advised their patients to use the 

second drop of blood if these patients were not able to wash their hands (85% of the Dutch 

educators and 52% of the other European educators). Furthermore, 20% of the diabetes 

educators gave no advice for a situation in which it was not possible for the patient to wash 

hands. 

Only 31% of all the patients in our study washed their hands each time before they per

formed SMBG, and 26% never washed their hands and used the first drop for SMBG. In 

another study on this aspect, half of the patients reported washing their hands before 

testing (8). A quarter of them was not being treated with insulin. 

Study regarding the use of the first or second drop of blood 

Since there are no well-designed studies regarding the use of the first or second drop 

of blood in patients with diabetes and considering the outcome of the survey study, we 

investigated glucose values in different drops in different situations. Therefore, two cross

sectional studies were carried out, one among volunteers without diabetes (chapter 3), and 

one among patients with diabetes (chapter 4). A difference of at least 10% between control 

and intervention values (4) or a difference of 0.82 mmol/L in case of a glucose concentration 

< 4. 2 mmol/L were considered to be clinically relevant. 

Both studies showed that soiled fingers can result in relevantly higher blood glucose 

concentrations. Wiping a drop of blood and/or cleaning the finger with chlorhexidine 

improved readings considerably. However, in 11-63% of the patients, glucose concentrations 

were still relevantly increased when using the second and third drop of blood. Washing 

the soiled fingers with soap and water and drying them resulted in a reliable glucose 

concentration already in the first drop of blood. Not washing led to a reliable glucose 

concentration under specific conditions: the fingers were not visibly soiled or exposed to a 

sugar-containing product and the second drop of blood was used after wiping away the first 

drop of blood. 
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In our survey study, about two-third of the patients reported to squeeze their finger to obtain 

an adequate drop of blood, and 16% of all patients reported that they always squeezed their 

finger (chapter 2) . In guidelines for professionals there are different recommendations with 

regard to squeezing the finger (1,6,7). One study has investigated this aspect (5). However, 

this study was carried out in a group of 10 volunteers without diabetes. The conclusion was 

that milking the finger led to correct capillary glucose readings. 

We have investigated the effect of squeezing on the blood glucose concentrations. Discarding 

the first drop of blood and refraining from squeezing the finger make measurements 

probably more complex and probably necessitates deeper and more painful punctures (5,9). 

Our study showed that higher pressure on the finger resulted in more deviation between 

actual and measured blood glucose concentrations, and in more unreliable readings. 

Unfortunately, we do not have a reliable explanation for this outcome, as we do not know 

which mechanism is behind. By using a small neonatal cuff around the finger, we could use 

a standardized method of squeezing. On the other hand, the method of squeezing does 

not fully mimic daily practice. Furthermore, assessing the control measurement in another 

finger and the variation in test strips and blood glucose meter, can both lead to differences 

between blood glucose concentrations (4). 

Conclusion and recommendations 

The first drop of blood can be used to acquire a reliable blood glucose concentration, 

even when the fingers are soiled with a sugar containing product, however, only after 

washing the hands with water and soap. This recommendation is the first choice, because 

specific conditions are not required, and because using the second drop of blood possibly 

requires more squeezing of the finger. If the hands are not visibly soiled or exposed to a 

sugar containing product, it is acceptable to use the second drop of blood after wiping 

away the first drop. If the hands are visibly soiled or exposed to a sugar containing product 

and washing is not possible, no reliable blood glucose concentration can be assessed. In 

that case, my recommendation is not to assess a blood glucose concentration. Finally, my 

recommendation is to avoid squeezing the finger. 

These recommendations are incorporated in the revised Dutch SMBG-guideline (1). 
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9.2. What is the perspective of patients on SMBG, and how can the patient's perception 

on SMBG be assessed? 

Gaining more inside in and discussing the patient's perspective of SMBG can help to improve 

the use of SMBG. 

Literature 

The General Self-management Model (GSM) and the work by Toombs provided a scientific 

framework (10,11). The GSM is a general model to be used for all chronic diseases. It gives 

a representation of factors, which influence self-management. 

Toombs gave important insights into the patient-physician relationship and the various 

perspectives of the disease from a phenomenological approach (11). A distinction was made 

between the physical disease (disease), the perception of and the experiences of living with 

the illness by the person having the chronic disease (illness), and the perspective of society 

regarding the disease (sickness). Healthcare providers mainly focus on the treatment of the 

disease, whereas patients mainly focus on living with the illness. The physical disease is 

part of the illness, but it plays a minor role. Healthcare providers assume they share the 

same perspectives as the patients, but in practice they have different perspectives. The 

perspective of society is influenced as well by the advertisements of the manufacturers of 

blood glucose meters. They present SMBG as a tool with which diabetes may be controlled, 

thereby allowing patients to live a normal life. In their advertisements, the readings on 

the glucose meters usually give values of approximately 5.8 mmol/1 while people in the 

commercial are smiling, look relaxed and seem to be enjoying life. SMBG is presented as just 

a small effort and a great pleasure. 
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A qualitative study of children with diabetes (12), aged between 8 and 12 years, shows that 

they experienced tension between achieving good glycemic control and quality of life, and 

their perspectives were not always noticed and recognised. Studies regarding SMBG focus 

mainly on patients with type 2 diabetes, not treated with insulin, and/or on investigating 

barriers to perform SMBG, such as pain, depression and the lack of social support (13-20). 

In the Dutch SMBG guideline the patient's perspective is described in a separate paragraph 

(1). Positive aspects of SMBG are giving freedom, grip and autonomy. Negative aspects 

are the confrontation with diabetes and feelings of helplessness. Quality of life was rarely 

included in the studies used to develop the guideline. Therefore, the guideline stated that 

an important and unanswered question is: to what extend do patients perceive SMBG as a 

tool or a burden? 

Our studies give (at least a part of the) answer to this question. Firstly, the patient's 

perspective on SMBG was investigated in a qualitative study. Secondly, a new measurement 

tool was developed to assess to what extend a patient perceives SMBG as a tool or as a 

burden. 

The patient's perspective on SMBG 

Our study has shown that there was a wide variety in the performance of SMBG, as a result 

of a complexity of factors (chapter 5). These factors included the patient's perception, goals, 

and personal- and contextual factors. Patients' perceptions of SMBG were situated on a 

continuum ranging from perceiving SMBG as a tool, 'a friend', to burden, 'a foe'. Regarding 

the goals, the respondents experienced tension between achieving good glycemic 

control and quality of life. Personal- and contextual factors were for example personality, 

knowledge, including experience, contact with professionals and social support. Based on 

their perspective, patients sometimes deliberately made different choices regarding the 

performance of SMBG from what had been recommended by their healthcare providers. As 

a result, the patients tailored the performance of SMBG to their perceptions and personal 

goals. 

The results are in line with the findings of Deciding and Toombs (11,12). SMBG in daily 

practice was not just a small effort, and it did not always guarantee the pleasure seen 

in the commercials. From the patient's perspective, SMBG was more complex, and the 

diabetes was often considered difficult to manage. Children and adults with diabetes want 

recognition for their perspectives. However, contrary to the findings of Toombs, patients 

were aware of the differences between their perspectives on SMBG and the perspectives 
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of their healthcare providers. Patients tend not to discuss the differences as they are afraid 

that it would negatively influence either the atmosphere or the treatment itself. We have 

not investigated the perspectives of healthcare providers on SMBG. Therefore, we can not 

confirm that professionals also perceive differences in perspectives. 

A SMBG model has been developed providing a representation of the factors influencing 

SMBG and their interrelations (appendix I}. The SMBG model is a specialized version of the 

GSM Model (10}. It gives additional information and more practical content to the factors. 

Furthermore, the factors are arranged in a different way. For example, in the general model, 

the interaction between the patient and the healthcare provider plays a central role. 

However, patients just spend approximately 4-6 hours a year with their healthcare provider. 

The remaining time, they themselves have to learn to live with their illness. Therefore, the 

relation is not the central factor, but it is just one of the factors in the SMBG model. 

Factors which were identified in our study, including pain, frustration, depression, knowledge 

level, treatment complexity, social support, and contact with the healthcare provider, have 

also been reported in previous studies (13-20}. Our study does, however, offer a broader 

perspective and more insight into these factors and the relationship between them. 

For example, we show that whereas patients with depression tend to tailor their self

monitoring goals to their life situation, the frequency of SMBG did not always change. In our 

study, the patient's perception of SMBG is described as a separate factor. In other studies, 

factors have been reported as being either barriers or facilitators to the performance of 

SMBG. Our study revealed that there are additional nuances which must be considered. 

Personal- and contextual factors had either positive or negative effects, depending on the 

patients' perspectives. For example, the loss of awareness of the symptoms of hypo- and 

hyperglycemic symptoms could act as a facilitator. Patients reported that performing SMBG 

helped them to prevent and detect any extreme states. Other patients did not feel the need 

to test because they felt good. In this case the lack of awareness acted as a barrier. 

The patient's Perception of Self-Monitoring of Blood Glucose scale (P-SMBG) 

The perception of illness is an increasingly important and complex concept in current 

healthcare in which more and more people have to live with one chronic disease or more (21}. 

In our study, perception also appeared to be an important aspect. Existing questionnaires 

assess barriers and facilitators of all aspects of diabetes, including only a few questions 

concerning (perceptions of} SMBG and/or they focus on either patients with diabetes type 
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1 or patients with diabetes type 2 (19,22-25). However, no objective instrument is available 

to assess these perceptions. Therefore, based on the qualitative study, we conducted a 

study to develop an instrument, the Perception of Self-Monitoring of Blood Glucose scale 

(P-SMBG) (chapter 6). 

An initial 68-item version of the P-SMBG has been evaluated by a professional panel of 

experts and by patients with diabetes, leading to a revised scale including 21 items. A sample 

of 375 insulin-treated patients with type 1 or type 2 diabetes tested the revised scale. 

Factor analysis suggested a two-factor structure, separating negatively and positively 

worded items. However, it may be that the outcome is due to the response bias for the 

formulation of the items (negatively and positively worded items) {26). Furthermore, the 

Cronbach's alpha of the total scale is 0. 81, suggesting homogeneity. On the other hand, the 

two-factor structure supports the findings regarding a negative ('burden') and a positive 

('tool') perception in the qualitative study. Furthermore, the findings are in line with the 

outcome of the validation of the insulin treatment appraisal scale. In this study, a two

factor structure was also suggested with positively and negatively worded items, referring 

to a positive and a negative appraisal of insulin (27). Finally, a 2-factor solution was chosen 

because this led to the best interpretation. 

The outcomes of the test-retest reliability showed a moderate stability of the scale: a 

coefficient of 0. 63 (p < 0. 05) for the negatively worded items and 0. 56 (p < 0. 05) for the 

positive worded items. The reason might be that perception is a dynamic concept and is 

sensitive to changes over time. 

The final P-SMBG consists of 21 items (appendix Ill). 

Conclusion and recommendations 

A patient's perspective on SMBG is influenced by individual goals, perception and personal

and contextual factors. The SMBG-Model provides an representation of these factors and 

their interrelations. The P-SMBG is a new measurement tool to assess both positive and 

negative perceptions of SMBG. The P-SMBG has satisfactory psychometric properties and 

the content validity of the scale is sufficiently secured. The SM BG-Model and the P-SMBG 

can both help to gain insight into a patient's perspective on SMBG, and the perception, 

particularly. Discussing this perspective can help to tailor the practice of SMBG to an 

individual patient and to the best use of SMBG. It is expected this will lead to an improvement 

of quality of live and/or clinical parameters. 
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9.3. What frequency of SMBG should a patient strive for, who has reached stable good or 

acceptable glycemic control? 

Self-monitoring of blood glucose is an important tool to achieve good glycemic control. 

But what frequency of SMBG 'should' be recommended when the patient is in stable good 

glycemic control? 

Literature 

Only one other study has investigated the recommendations given by healthcare providers. 

This study among patients with type 2 diabetes investigated what recommendations they 

received from their healthcare providers (28} . The outcomes show that there were wide 

variations in the reported professional recommendations regarding the frequency of SMBG. 

Studies investigating the frequency of SMBG in insulin-treated patients with diabetes show 

different outcomes (1). Almost all studies investigated the relation between frequency of 

SMBG (number of prescribed or dispensed blood glucose monitoring strips or self-reported 

frequency of SMBG} and HbAlc in a cross sectional study design. Two studies found a 

HbAlc reduction of 2.2 - 3.3 mmol/mol per additional measurement daily. More than five 

measurements per day did not lead to a further decrease of HbAlc (1}. Other studies found 

no or little relationship between the frequency of SMBG and glycemic control (1} .  In none 

of these studies was the quality of life included. In absence of well-designed studies, the 

recommendations of the Dutch Diabetes Federation (29) were incorporated in the revised 

Dutch SMBG guideline (chapter 7, Table 1, page 93). However, patients who are treated with 

an intensive insulin regime or insulin pump are now recommended to assess four to five 

blood glucose concentrations per day. This is a higher frequency than is recommended in 

international guidelines, in which these patients are recommended to assess at least three 

blood glucose concentrations daily (30-32). 

There is less agreement in international SMBG-guidelines regarding the recommendations to 

patients with type 2 diabetes on one or two insulin injections per day. The recommendations 

for these patients vary between unclear, the frequency should be sufficient to facilitate 

reaching glucose goals, and at least three times daily. There are hardly any recommendations 

concerning the timing of SMBG. 

Furthermore, the Dutch SMBG guideline stated that the individual goals to perform SMBG 

must be leading for the frequency of SMBG (1). 
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Daily practice 

Our cross-sectional descriptive study among healthcare providers in the Netherlands 

(chapter 7) showed that insulin pump users and patients with type 1 diabetes on 4 injections 

a day were advised to perform 3-4 measurements daily by 70% of the professionals. There 

was less agreement on the timing (pre- and/or postprandial). Patients with type 2 diabetes 

on four insulin injections per day were advised to perform SMBG less frequently. These 

frequencies are lower than recommended in the Dutch SMBG guideline, which is 4-5 

measurements daily. The heterogeneity of this patient category might be a reason for this 

difference. For example, there are active slender patients with type 1 diabetes, sensitive to 

hypoglycaemia. There are also overweight patients with type 2 diabetes, who are treated 

with a rather fixed basal-bolus regimens. 

Furthermore, there was a wide variation in recommendations that were given to patients 

with type 2 diabetes on one or two injections per day. These outcomes are in line with the 

study by Polansky (28). The variety in recommendations might be the result of the absence 

of clear evidence-based recommendations, or maybe healthcare providers did not know the 

contents of the guidelines. 

Frequency of SMBG in patients with type 2 diabetes, who are in stable good glycemic control 

and are treated with one insulin injection daily. 

The wide variety in recommendations concerning patients with type 2 diabetes treated 

with one insulin injection per day, motivated us to conduct a randomised controlled trial 

in this patient category (chapter 8). The aim was to investigate the effect of three different 

frequency regimens of SMBG on glycemic control and quality of life. The three frequency 

regimens were four measurements per day, one day weekly, one day fortnightly or one day 

monthly, respectively. A difference of greater than 5.5 mmol/mol (> 0.5%) in baseline and 

endpoint HbAlc (the main study parameter) between groups was considered to be relevant. 

There were no significant changes within and between groups in HbAlc. Furthermore, no 

clinically relevant differences between the groups were observed for the other parameters: 

quality of life, diabetes self care activities, fasting blood glucose concentrations, the number 

of reported hypo- and hyperglycemia, and the number of extra diabetes-related contacts 

with a healthcare provider. 

The strength of our study is that different frequencies of SMBG as used in daily practice were 

compared, based on the Dutch recommendations and the outcome of our survey study. 
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A limitation of our study is the small sample size. We aimed at 150 patients in total, but 

we were only able to include 58 patients for a variety of reasons. Only 68 (20%) general 

practices could be included. The main reasons GPs gave for not participating were: other 

priorities, the amount of other activities, the capacity of healthcare providers, the lack of 

financial reward, and because they were already participating in other studies. Furthermore, 

only 38 out of 68 general practices (56%) included one to three patients. They reported that 

patients did not meet the eligible criteria or did not want to participate because they either 

found it difficult, or did not want to change their frequency of SMBG for a period of time. 

Unfortunately, eight {12%) patients did not start after they were randomized, which could 

have lead to selective loss. However, the confidence intervals of HbAlc were smaller than 

expected. The upper bound of confidence intervals of improvements in HbAlc of intensive 

SMBG compared to less intensive SMBG were well within the pre-specified margin of 5 .5  

mmol/mol (0.5%). At least, a clinical improvement of a more intensive frequency of  SMBG 

compared to a less intensive frequency can be excluded, considering these confidence 

intervals and the outcome of the other parameters. 

Conclusion and recommendations 

There is no general agreement between professionals, and there is no evidence for a specific 

frequency and timing. The outcome of the frequency-study shows that a lower frequency 

of SMBG in patients with type 2 diabetes who were in stable and good glycemic control did 

not lead to worsening of glycemic control and/or to a clinically relevant change in quality of 

life and diabetes self-care activities. 

Until clear evidence will be available, my recommendation is to use the Dutch SMBG

guideline and to tailor this basic frequency to the individual patient. However, based on the 

result of this thesis, patients with diabetes type 2, who are in stable good glycemic control, 

and who are treated with one insulin injection daily can be recommended to measure four 

blood glucose concentrations (before meals and before bed time) one day monthly. 

9.4. Further research 

A few of the aspects of SMBG were investigated for this thesis. However, there are some 

aspects which still need attention. 
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The use of the first or second drop of blood for glucose monitoring 

Research is needed to investigate the use of the first or second drop in the case the 

healthcare provider assesses a blood glucose concentration for example in a hospital 

setting or in home care. They do not know the circumstances or situation of the patient. 

In some circumstances strict accuracy in measurement results is required because of the 

vulnerability of the patient. Furthermore, a part of these patients will not be able to wash 

their hands. Research is necessary to investigate the use of the first or second drop of blood 

after cleaning the finger in other, different ways, when washing is not possible. This could 

also be important for patients who are not able to wash their soiled fingers . 

In our study, a standardized method of squeezing was used, by using a cuff around the 

finger. Further research is necessary, to investigate the possible effect of actual squeezing 

the finger on the blood glucose concentration. 

Patient's perspective on SMBG 

The perspectives, including the perceptions, are probably influenced by society and culture. 

We studied patients who had sufficient knowledge of the Dutch language and who were 

Caucasians. Therefore, research is needed on patients who do not have sufficient knowledge 

of the Dutch language and on patients with different ethnic backgrounds. As a consequence, 

the P-SMBG may also have to be revised for these patient categories. Qualitative studies 

on healthcare providers can give insight into their perspectives on SMBG, and they can 

investigate whether professionals also perceive differences in perspectives. 

Research is necessary to investigate the clinical usefulness and to investigate whether 

the use of the P-SMBG scale leads to improvement in glycemic control and quality of life. 

Another research question is whether the scale can be used for assessing clinically important 

changes in the perception over time. 

Finally, the possibility of an uni-dimensional scale, by a confirmatory factor analysis, the 

test-retest reliability, and the influence of negatively and positively worded items need 

attention in future studies. 

Frequency of SMBG 

In order to gain more knowledge on the basic frequency of SMBG well-designed studies 

are needed among insulin-treated patients who are in stable good glycemic control and 

treated with a specific insulin regimen. The studies should investigate the effect of different 

frequencies of SMBG on glycemic control and quality of life. Considering the outcome of 
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our frequency study, even a lower frequency of SMBG could be included in studies among 

patients with type 2 diabetes, who are treated with one insulin injection daily and who are 

in stable good glycemic control, for example, four measurements during one or two days or 

a fasting blood glucose concentration, combined with a HbAlc, before the regular visits to 

the healthcare provider. 

9.5 General conclusion 

The aim of this thesis was to study some important, underexposed and sometimes neglected 

aspects of SMBG in patients with type 1 diabetes and insulin-treated patients with type 2 

diabetes. The studies provide new and important information as well as recommendations 

and tools for daily practice. 

The studies regarding the use of the first or second drop of blood provide practical 

recommendations. These recommendations have already been incorporated in the Dutch 

SM BG-guideline. 

The outcome of the study regarding the frequency of SMBG shows that there is a wide 

variation in recommendations given by healthcare providers to patients. A part of the 

patients are possibly recommended to perform SMBG too often. 

The frequency and timing of SMBG should be tailored to the individual goals and perspective 

of the patient. The SMBG model and the P-SMBG can be helpful to gain insight into the 

patient's perspective of SMBG. Gaining insight into and discussing this perspective can help 

to tailor the practice to an individual patient and to the best use of SMBG. It is expected that 

this could improve the quality of patients' lives and/or the clinical parameters. 

9.6 Final remark 

Finally, I would suggest to use another Dutch word. The word 'zelfcontrole' (=self-control), 

suggest that control can be reached, and patients can perceive it as a judgement. The English 

word 'self-monitoring' and the German word 'Blutzuckermessung' are neutral words. They 

do more justice to the meaning of SMBG namely, monitoring the blood glucose. Therefore, 

I would like to suggest to use 'self-measurement' (zelfmeting: ZMBG: het Zelf Meten van de 

BloedGlucose). This will help to cope with inevitable disappointments, thereby enhancing 

positive perceptions of SMBG. 
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Het doel van dit proefschrift was om een aantal belangrijke, praktische en onderbelichte 

aspecten van zelfcontrole te onderzoeken bij mensen met diabetes mellitus (DM) die 

behandeld worden met insulinetherapie: 

a. Welke bloeddruppel moet worden gebruikt om een betrouwbare bloedglucosewaarde te 

krijgen? 

b. Wat is het perspectief van mensen met DM op zelfcontrole en hoe kan beleving van 

zelfcontrole gemeten word en? 

c. Welke basisfrequentie van zelfcontrole zou aangehouden kunnen worden wanneer een 

patient een stabiele, goede glucoseregulatie heeft bereikt? 

In dit hoofdstuk worden de belangrijkste resultaten, conclusies en implicaties voor de 

dagelijkse praktijk besproken. Hierbij wordt de in 2012 herziene Nederlandse richtlijn 

Zelfcontrole betrokken (1). 

10.1 Welke bloeddruppel moet gebruikt warden om een betrouwbare bloedglucosewaarde 

te krijgen? 

Mensen met DM en zorgverleners vertrouwen op de uitkomsten van de zelfcontrole. Zij 

gebruiken de gemeten bloedglucosewaarden om aanpassingen te kunnen doen in medicatie, 

voeding en beweging. De vraag is of het uitmaakt of de le of 2e bloeddruppel gebruikt wordt 

voor het verkrijgen van een betrouwbare bloedglucosewaarde. 

Literatuur 

In de literatuur wordt aandacht besteed aan de nauwkeurigheid van bloedglucosemeters 

om een betrouwbare bloedglucosewaarde te verkrijgen (2-4). De SKML-richtlijn (Stichting 

Kwaliteitsbewaking Medische Laboratoriumdiagnostiek) geeft aan dat het verschil tussen 

een gemeten bloedglucosewaarde en een controle-bloedglucosewaarde kleiner dan 10% 

moet zijn (4). Er is echter bij mensen met DM geen onderzoek gedaan naar het effect van 

het gebruik van de 1 e of 2e bloeddruppel en het wel of niet wassen van de handen op de 

bloedglucosewaarde, terwijl deze aspecten mogelijk een groot effect kunnen hebben op 

de gemeten bloedglucosewaarde. Een onderzoek heeft dit aspect bij 53 vrijwilligers zonder 

diabetes onderzocht (5). De conclusie van de auteurs van dit artikel is dat de 1e bloeddruppel 

gebruikt kan worden, als tenminste de handen v66r het prikken gewassen worden. 

In (internationale) professionele zelfcontrolerichtlijnen bestaat er consensus over het 

gebruik van de 1e bloeddruppel na het wassen van de handen (1,6,7). Ten tijde van onze 

onderzoeken bestonden er echter geen adviezen voor situaties waarin wassen niet mogelijk 

was. 
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Dagelijkse praktijk 

Uit ans vragenlijstonderzoek onder Europese diabeteszorgverleners (hoofdstuk 2), is 

gebleken dat er redelijke consensus bestaat over het gebruik van de 1 e bloeddruppel na het 

wassen van de handen. Echter, 13% van de zorgverleners adviseerde de 1 e bloeddruppel 

te gebruiken zonder het wassen van de handen. Wanneer wassen niet mogelijk was, 

adviseerde het merendeel van de zorgverleners de 2e bloeddruppel te gebruiken (85% 

van de Nederlandse en 52% van overige Europese zorgverleners). Twintig procent van de 

zorgverleners gaf aan geen advies te geven voor die situatie. 

Slechts een derde van de mensen met DM in ans vragenlijstonderzoek (hoofdstuk 2) gaf 

aan altijd de handen te wassen. Een kwart van de deelnemers gebruikte de 1 e bloeddruppel 

zonder dat zij hun handen hadden gewassen. In een eerdere studie onder mensen met 

DM type 1 en type 2 rapporteerde slechts de helft dat zij hun handen wasten voor de 

uitvoering van zelfcontrole (8). In deze studie had overigens een kwart van de deelnemers 

geen insulinetherapie. 

8/oeddruppelonderzoek 

Aangezien gedegen studies ontbreken over het gebruik van de 1 e of 2e bloeddruppel 

voor het krijgen van een betrouwbare bloedglucosewaarde, er verschillende adviezen 

gegeven warden, en veel mensen met DM in de praktijk hun handen niet wassen, 

hebben we 2 onderzoeken uitgevoerd om het gebruik van de 1 e of 2e bloeddruppel nader 

te onderzoeken (hoofdstuk 3 en 4). Een verschil van tenminste 10% tussen de gemeten 

bloedglucosewaarde en de controle-bloedglucosewaarde (4) of meer dan 0.82 mmol/L 

wanneer een bloedglucosewaarde lager was dan 4.2 mmol/L werden hierbij aangehouden 

als een relevant verschil. 

De twee bloeddruppelonderzoeken lieten zien dat 'vieze' vingers konden leiden tot 

relevant hogere bloedglucosewaarden. Het wegvegen van de 1 e bloeddruppel en/of het 

schoonmaken van een 'vieze' vinger met chloorhexidine leidde tot aanzienlijk betere 

bloedglucosewaarden. Echter, bij 11-63% van de mensen waren de bloedglucosewaarden 

in de 2e en 3e bloeddruppel nag steeds relevant hoger dan de controlewaarde. Het wassen 

van de handen met water en zeep en het goed drogen van de handen leidden tot een 

betrouwbare bloedglucosewaarde in de 1 e bloeddruppel, oak wanneer de handen eerst 

in aanraking waren geweest met glucosehoudende producten zoals fruit. Bij vingers, 

die niet direct in aanraking waren geweest met glucosehoudende producten, gaf de 

bloedglucosewaarde in de 2e bloeddruppel, na het wegvegen van de 1e bloeddruppel, een 

betrouwbare bloedglucosewaarde. 
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Verder gaf 69% van de deelnemers aan dat zij de vinger wel eens stuwen voor zelfcontrole 

om een goede bloeddruppel te krijgen, en 16% van alle deelnemers gaf aan altijd de vinger 

te stuwen (hoofdstuk 2). Er bestaat geen overeenstemming in de richtlijnen wat betreft 

de adviezen over stuwen (1,6,7). Er is een onderzoek bekend waarin stuwen is onderzocht 

bij 10 vrijwilligers zonder diabetes (5). Er is in deze studie geen effect gevonden op de 

bloedglucosewaarde. 

In het door ons verrichte onderzoek hebben we daarom ook onderzocht of stuwen een 

effect heeft op de bloedglucosewaarde. Wanneer de 2e bloeddruppel gebruikt wordt, moet 

mogelijk dieper geprikt en/of meer gestuwd warden om voldoende bloed te krijgen voor de 

meting (5,9). 

Ons onderzoek liet zien dat meer druk op de vinger leidde tot meer spreiding tussen 

de controle- en de gemeten bloedglucosewaarden en tot meer onbetrouwbare 

bloedglucosewaarden (hoofdstuk 4). Het is niet bekend welk mechanisme hierachter zit. 

Dit betekent, dat we helaas geen betrouwbare verklaring kunnen geven voor deze spreiding 

tussen de bloedglucosewaarden. 

Door een klein bloeddrukmanchet om de vinger te gebruiken, konden we dit aspect op 

een gestandaardiseerde manier onderzoeken. Aan de andere kant werd met deze methode 

de dagelijkse praktijk niet volledig nagebootst. Daarnaast ontstonden er ook verschillen in 

bloedglucosewaarden doordat de controlewaarde was genomen uit een andere vinger en 

door variatie in teststrips en bloedglucosemeter (4). 

Conclusie en aanbevelingen 

Na het wassen van de handen met water en zeep en het goed afdrogen van de handen, kan 

in het kader van een zelfmeting de 1 e bloeddruppel gebruikt warden om een betrouwbare 

bloedglucosewaarde te krijgen, ook als de handen 'vies' zijn of in aanraking zijn geweest 

met fruit. Dit advies is de eerste keus omdat dit advies niet afhankelijk is van bepaalde 

omstandigheden en omdater mogelijkvoor hetgebruikvan de 2e bloeddruppel meergestuwd 

moet warden. Wanneer de handen niet zichtbaar vuil zijn of in aanraking zijn geweest met 

een glucosehoudend product, kan zonder de handen te wassen de 2e bloeddruppel gebruikt 

warden na het wegvegen van de 1e bloeddruppel. Wanneer de handen zichtbaar vuil zijn of 

in aanraking zijn geweest met een glucosehoudend product en wassen niet mogelijk is, is de 

conclusie dat er geen betrouwbare bloedglucosewaarde gemeten kan warden. Mijn advies 

is dan ook om in die omstandigheden geen zelfcontrole te doen. Tenslotte is het advies om 

stuwen te voorkomen. 

137 



Chapter 10 

Deze aanbevelingen zijn opgenomen in de herziene richtlijn Zelfcontrole (1). 

10.2 Wat is het perspectief van de mens met DM op zelfcontrole en hoe kan beleving van 

zelfcontrole in kaart gebracht worden? 

lnzicht in en het bespreken van het perspectief van de mens met DM op zelfcontrole kunnen 

helpen om de inzet van zelfcontrole te verbeteren .  

Literatuur 

In Nederland is een generiek model Zelfmanagement ontwikkeld (10). Dit model geeft 

een overzicht van aspecten waaraan aandacht besteed kan warden bij het werken aan 

zelfmanagement. Aangezien zelfcontrole een onderdeel is van zelfmanagement, is dit model 

gebruikt als wetenschappelijk kader. 

Toombs heeft inzicht gegeven in de relatie tussen zorgverleneren mensen met een chronische 

aandoening en in de verschillen in perspectief op ziekte vanuit een fenomenologische 

benadering (11). Zij maakt onderscheid tussen de ziekte zelf, de lichamelijke ziekte (disease), 

de beleving van en de ervaringen met het leven met een chronische ziekte (illness) en ziekte 

vanuit het perspectief van de samenleving (sickness). Zorgverleners zijn volgens Toombs 

vooral gericht op de lichamelijke ziekte, bijvoorbeeld op het bereiken van een optimale 

glucoseregulatie, waarbij mensen met DM zich vooral richten op het leven met diabetes. 

Hierbij speelt beleving een belangrijke rol en de lichamelijke ziekte een ondergeschikte rol. 

Volgens Toombs gaan zorgverleners en mensen met DM er vanuit dat zij hetzelfde perspectief 

op ziekte hebben, terwijl zij in werkelijkheid denken vanuit een verschillend perspectief. 

Het perspectief van de samenleving op zelfcontrole wordt mede bepaald door de advertenties 

over zelfcontrole van meterfabrikanten .  De bloedglucosemeters in advertenties geven een 

mooie bloedglucosewaarde van rand de 5.8 mmol/L  aan, de personen lijken te genieten van 

het leven en de diabetes is onder controle. Zelfcontrole wordt gepresenteerd als 'een kleine 

moeite en groat genot'. 
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In een kwalitatieve studie door Deciding is het perspectief van kinderen met diabetes tussen 

de 8 en 12 jaar oud onderzocht (12). Daaruit blijkt onder andere dat kinderen het lastig 

vinden een balans te vinden tussen het streven naar een strikte glucoseregulatie en een 

prettig !even leiden, en dat hun perspectieven, kennis en ervaring niet altijd actief warden 

(h)erkend. 

Studies over zelfcontrole richten zich met name op mensen met diabetes type 2 zonder 

insulinetherapie en/of op het onderzoeken van barrieres om zelfcontrole uit te voeren zoals 

pijn, depressie en gebrek aan sociale steun (13-20). 

In de Nederlandse richtlijn Zelfcontrole is het patientenperspectief in een aparte paragraaf 

beschreven (1). Positieve kanten van zelfcontrole zijn onder andere het geven van 

bewegingsvrijheid, houvast en autonomie en negatieve kanten zijn bijvoorbeeld confrontatie 

met de ziekte en onmacht. Er wordt hierbij wel vermeld dat in de gevonden studies ten 

behoeve van de richtlijnontwikkeling kwaliteit van !even nauwelijks is meegenomen als 

uitkomstmaat. De richtlijn geeft dan oak aan dat een belangrijke, nag onbeantwoorde 

vraag is: 'In hoeverre wordt zelfcontrole door mensen met DM die behandeld warden met 

insulinetherapie als last ervaren in plaats van als hulp?'. 

Onze onderzoeken geven (in ieder geval ten dele) antwoord op deze vraag. Eerst is in 

een kwalitatief onderzoek inzicht verkregen in wat 'last' en 'hulp' voor mensen met DM 

in kan houden. Daarna is in een kwantitatief onderzoek een nieuw instrument ontwikkeld 

waarmee in kaart gebracht kan warden in hoeverre een persoon zelfcontrole als hulp of als 

last ervaart. 
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Het perspecHef van de mens met OM op zelfcontrole 

Het kwalitatieve onderzoek heeft laten zien dat het perspectief van mensen met DM op 

zelfcontrole door een aantal factoren werd bernvloed (hoofdstuk 5). Dit waren de doelen, 

de beleving van zelfcontrole en persoonlijke- en omgevingsfactoren. Mensen met DM 

richtten zich niet alleen op het bereiken van een strikte glucoseregulatie, maar zij richtten 

zich oak op het behoud of verbetering van hun kwaliteit van !even. Beleving van zelfcontrole 

bevond zich ergens op een continuum tussen een hulpmiddel ('vriend') en een last ('vijand' ) .  

Voorbeelden van persoonlijke- en omgevingsfactoren waren iemands persoonlijkheid, 

kennis, inclusief ervaringskennis, contacten met zorgverleners en mate van sociale steun. 

Mensen maakten op basis van hun perspectief soms bewust andere keuzes random de 

uitvoering van zelfcontrole dan aan hen geadviseerd was. 

De resultaten sluiten aan bij de bevindingen van Deciding en Toombs (11,12). Zelfcontrole 

is niet slechts een kleine moeite noch een groat genot. Zelfcontrole is complex en de 

ziekte diabetes is niet gemakkelijk te managen. Volwassenen met DM willen graag, net 

als de kinderen met diabetes, aandacht en erkenning voor hun persoonlijk perspectief. 

In tegenstelling tot wat Toombs aangeeft, bleken veel mensen zich wel bewust te zijn van 

verschillen in perspectief tussen hen en de zorgverleners. Echter, zij brachten het verschil in 

perspectief zelden ter sprake omdat zij een positieve sfeer in de relatie met de zorgverlener 

wilden behouden. In onze studie is het perspectief van de zorgverleners niet apart 

onderzocht, zodat de verschillen in perspectief, zoals door de mensen met DM ervaren, niet 

bevestigd konden warden. 

Op basis van het kwalitatieve onderzoek is een zelfcontrolemodel ontwikkeld dat een overzicht 

geeft van de factoren en hun onderlinge relatie (bijlage II) . Het model is een verbijzondering 

van het generiek model Zelfmanagement (10). Daarnaast zijn verschillende aspecten anders 

gerangschikt. In het model Zelfmanagement staat bijvoorbeeld de relatie zorgverlener en 

de mens met een chronische aandoening centraal. In het Zelfcontrolemodel staat de mens 

met DM zelf en niet deze relatie centraal. De relatie is een van de omgevingsfactoren. De 

mensen zijn per slot slechts een heel beperkte tijd bij een zorgverlener. De rest van de tijd 

moeten zij zelf hun ziekte managen. 

Factoren, die in ans onderzoek naar voren zijn gekomen, zijn oak benoemd in andere 

onderzoeken zoals pijn, frustratie, depressie, kennis, sociale steun, en contact met de 

zorgverlener (13-20). Het kwalitatieve onderzoek biedt echter meer inzicht in waarom en 
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hoe een bepaalde factor zelfcontrole be'invloedt bij mensen met DM die behandeld warden 

met insulinetherapie. Het hebben van een depressie leidde bijvoorbeeld niet altijd tot het 

minder meten van de bloedglucosewaarden, maar het leidde wel tot aanpassingen in de 

streefwaarden. Een minder optimale diabetesinstelling werd geaccepeerd_. Daarnaast is 

beleving van zelfcontrole als aparte factor beschreven. 

Verder zijn factoren in andere studies beschreven 6f als een belemmerende 6f als een 

bevorderende factor voor zelfcontrole. Ons onderzoek laat zien dat het genuanceerder 

ligt. Veel persoonlijke- en omgevingsfactoren konden, afhankelijk van iemands perspectief, 

zowel een belemmerende als een bevorderende factor zijn. Wanneer iemand bijvoorbeeld 

geen symptomen van een hypo- of hyperglycemie meer voelde kon het betekenen dat hij/zij 

veel ging meten om te weten hoe hoog of laag de bloedglucosewaarde was. Andere mensen 

gingen juist minder vaak meten omdat zij zich prima voelden, en geen aanleiding zagen om 

te gaan meten. 

Ze/fcontrole-belevingsvragenlijst (P-SMBG} 

Beleving is een belangrijk aspect in de huidige zorgverlening waarin steeds meer mensen 

moeten leren !even met een of meer chronische ziekten (21). In ans onderzoek bleek 

beleving van zelfcontrole oak een belangrijk aspect te zijn. Bestaande vragenlijsten meten 

belemmerende en bevorderende factoren van alle aspecten van de diabetesbehandeling, 

waarbij slechts een paar vragen gaan over (beleving van) zelfcontrole en/of zij richten zich 

op mensen met DM type 1 of mensen met DM type 2 (19, 22-25). Er is echter geen objectief 

meetinstrument om positieve en negatieve beleving van zelfcontrole te meten. Dit bracht 

ans ertoe om op basis van het kwalitatieve onderzoek een zelfcontrole-belevingsvragenlijst 

(Perception of Self-Monitoring of Blood Glucose, P-SMBG) te ontwikkelen (hoofdstuk 6). 

Een eerste vragenlijst met 68 uitspraken is geevalueerd met mensen met DM en 

zorgverleners. Een aangepaste vragenlijst met 28 uitspraken is vervolgens getest onder 375 

mensen met DM. De factor-analyse suggereerde een 2-factorenoplossing, wat wil zeggen 

dat er 2 subschalen te onderscheiden zijn. Een subschaal met positief en een subschaal 

met negatief geformuleerde uitspraken die verwijzen naar respectievelijk een positieve 

en negatieve beleving. De vraag is echter of de uitkomsten niet be'invloed warden door 

bias als gevolg van de formulering van de vraag (positieve en negatieve formulering) (26). 

Daarnaast is de Cronbach's alpha van de totale schaal 0.81, wat wijst op homogeniteit van 

de schaal. Aan de andere kant wordt het resultaat ondersteund door de uitkomsten van het 

kwalitatieve onderzoek, waarin er ook een onderscheid is tussen positieve en negatieve 
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beleving van zelfcontrole. Verder komt het resultaat overeen met de uitkomsten van de 

ontwikkeling van een vragenlijst over beleving van insulinetherapie, waarin 2 vergelijkbare 

subschalen worden onderscheiden (27). Daarom is gekozen voor de 2-factoren oplossing. 

De test-hertest liet matige correlaties zien: respectievelijk 0.63 en 0.56 voor de subschaal 

met negatief en positief geformuleerde uitspraken. De oorzaak zou mogelijk kunnen zijn dat 

beleving een dynamisch begrip is, dat be'invloed wordt door allerlei factoren. 

De uiteindelijke vragenlijst bestaat uit 21 uitspraken over de beleving van zelfcontrole 

(bijlage IV). 

Conclusie en aanbevelingen 

Het perspectief van de mens met DM op zelfcontrole wordt be'invloed door de individuele 

doelen, beleving, persoonlijke- en omgevingsfactoren. Het zelfcontrolemodel geeft een 

overzichtvan deze factoren en hoe ze elkaar be'invloeden. De zelfcontrole-belevingsvragenlijst 

is een nieuw instrument waarmee de positieve en negatieve beleving van zelfcontrole 

gemeten kan worden. Het valideringsonderzoek heeft laten zien dat de psychometrische 

eigenschappen van deze vragenlijst goed zijn. Het zelfcontrolemodel en de zelfcontrole

belevingsvragenlijst helpen om inzicht te krijgen in het perspectief van de patient en beleving 

van zelfcontrole in het bijzonder. De verwachting is dat dit inzicht in en het bespreken van 

het perspectief kunnen helpen om de inzet van zelfcontrole te verbeteren. Dit kan leiden tot 

het behoud of verbetering van de glucoseregulatie en/of kwaliteit van leven. 

10.3 Welke frequentie van zelfcontrole zou geadviseerd moeten worden wanneer een 

patient een stabiele en optimale glucoseregulatie heeft bereikt? 

Zelfcontrole is een belangrijk hulpmiddel om een goede glucoseregulatie te bereiken. Maar 

hoe vaak zou iemand 'moeten' meten wanneer hij/zij stabiel en goed is ingesteld met een 

bepaalde insulinetherapie? 

Literatuur 

Een studie heeft de adviezen van zorgverleners over frequentie van zelfcontrole in de 

dagelijkse praktijk onderzocht. Hierin is aan de mensen met DM gevraagd welke adviezen 

zij hadden gekregen van de zorgverleners (28). Het onderzoek is uitgevoerd bij mensen met 

diabetes type 2, en de uitkomsten laten een grate variatie in adviezen zien. 

De onderzoeken naar frequentie van zelfcontrole bij mensen met DM, die behandeld 

worden met insulinetherapie, laten wisselende uitkomsten zien (1). Bijna alle studies 
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onderzochten de relatie tussen de frequentie van zelfcontrole (aantal voorgeschreven of 

uitgereikte teststrips of zelfgerapporteerde zelfcontrolefrequentie) en het HbAlc in een 

dwarsdoorsnede onderzoek. Sommige studies vonden een HbAlc reductie van 2.2 - 3. 3 

mmol/mol per extra meting per dag tot een maximum van vijf metingen per dag (1). Andere 

studies vonden geen relatie tussen frequentie van zelfcontrole en HbAlc (1). Kwaliteit van 

leven is niet meegenomen als uitkomstmaat. 

Vanwege het ontbreken van wetenschappelijk bewijs is de richtlijn van de Nederlandse 

Diabetes Federatie (NDF) uit 2003 {29) aangehouden als leidraad voor de adviezen over de 

frequentie van zelfcontrole bij de verschillende insulineregimes in de herziene Nederlandse 

richtlijn Zelfcontrole (hoofdstuk 7, tabel 1, biz 93). Alleen voor mensen met DM met een 

intensief insulineregime of insulinepomp wordt meer zelfcontrole aanbevolen dan in de 

NDF-richtlijn staat, namelijk gemiddeld vier tot vijf metingen per dag. Dit is oak een hogere 

zelfcontrolefrequentie dan in internationale richtlijnen wordt geadviseerd {30-32). In deze 

internationale richtlijnen bestaat een redelijke consensus om dagelijks minimaal 3 metingen 

te adviseren aan deze patientencategorieen. 

In internationale richtlijnen is veel minder consensus over de frequentie van zelfcontrole 

voor mensen met DM met een een- of tweemaal daags insulineregime. Dit varieert van 

onbekend, de frequentie moet voldoende zijn om een goede diabetesinstelling te bereiken, 

tot dagelijks minimaal 3 metingen. Er warden nauwelijks uitspraken gedaan over tijdstippen 

van meten. 

In de richtlijn Zelfcontrole wordt verder aangegeven dat uiteindelijk het individuele doel 

van de patient leidend moet zijn in het bepalen van de frequentie van zelfcontrole voor die 

patient (1). 

Oage/ijkse praktijk 

Ons vragenlijstonderzoek onder diabeteszorgverleners (hoofdstuk 7} liet zien dat een 

meerderheid van de zorgverleners {70%) mensen met DM met een insulinepomp en 

mensen met diabetes type 1 met een intensief insulineregime adviseerde om dagelijks 3 - 4  

metingen te doen. Er was minder consensus over de tijdstippen van zelfcontrole (voor of na 

de maaltijd). Mensen met diabetes type 2 met een intensief insulineregime werd een lagere 

frequentie van zelfcontrole geadviseerd. Deze mensen wordt in de dagelijkse praktijk dus 

een lagere zelfcontrole-frequentie geadviseerd dan nu in de richtlijn Zelfcontrole staat. De 

reden hiervoor kan zijn dat het gaat om een heterogene groep. Er zijn bijvoorbeeld actieve 

slanke mensen met DM type 1 die hypogevoelig zijn. Echter, er zijn oak mensen met DM 
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type 2 en overgewicht die weinig hypoglycemieen hebben, en een redelijk vast basaal -

bolus regime aanhouden. 

Verder was er een grote variatie in adviezen over frequentie en tijdstippen van zelfcontrole 

aan mensen met diabetes type 2 en een een- of tweemaal daags insulineregime. Deze 

uitkomsten komen overeen met het onderzoek van Polonsky (28). Het ontbreken van 

wetenschappelijk bewijs en eenduidige zelfcontrolerichtlijnen zouden de oorzaak kunnen 

zijn van de variatie in adviezen. Het zou ook kunnen zijn dat zorgverleners niet weten wat er 

in de richtlijnen staat. 

Frequentie van zelfcontrole bij mensen met diabetes type 2 met een eenmaal daags 

insulineregime 

De uitkomsten van het vragenlijstonderzoek gaven aanleiding tot het opzetten en 

uitvoeren van een gerandomiseerde studie, waarbij het effect onderzocht is van 

drie zelfcontrolefrequenties op de glucoseregulatie, kwaliteit van leven en diabetes 

zelfzorgactiviteiten. Gezien de grote variatie in adviezen, is ervoor gekozen om de studie 

uit te voeren bij mensen met diabetes type 2, die stabiel en goed waren ingesteld met 

een eenmaal daags insulineregime. De gekozen zelfcontrolefrequenties waren: eenmaal 

per week, eenmaal per twee weken en eenmaal per maand een 4-punts dagcurve (voor 

de maaltijden en voor het slapen gaan). Een klinisch relevant verschil in de primaire 

uitkomstmaat, het HbAlc, was een verschil van 5.5 mmol/mol. 

De uitkomsten lieten niet significante verschillen zien binnen en tussen de groepen in het 

HbAlc. Ook in kwaliteit van leven, diabetes zelfzorgactiviteiten en andere parameters zoals 

de nuchtere bloedglucosewaarden, het aantal gerapporteerde hypo- en hyperglycemieen en 

het aantal extra diabetes gerelateerde contacten met zorgverleners, werden geen klinisch 

relevante verschillen gezien. 

Een sterke kant van het onderzoek is dat drie zelfcontrole frequenties zijn vergeleken 

die gebaseerd zijn op de Nederlandse zelfcontrolerichtlijn en op de uitkomsten van het 

vragenlijstonderzoek. 

Een beperking van het onderzoek is dat er slechts 58 mensen in plaats van 150 mensen 

met het onderzoek hebben mee gedaan. Hiervoor zijn verschillende redenen aan te wijzen. 

Slechts 20% van de huisartsenpraktijken (68 huisartsenpraktijken) die benaderd zijn, waren 

bereid mee te doen met het onderzoek, en slechts 38 van de 68 praktijken (56%) hebben 

een tot drie mensen met OM ge·includeerd. Verder zijn uiteindelijk acht deelnemers na de 

144 



Algemene discussie 

randomisatie niet gestart met het onderzoek, wat geleid kan hebben tot een selectief verlies 

van deelnemers. De voornaamste redenen van praktijken om niet mee te doen waren: de 

hoeveelheid werk in de praktijk, de capaciteit, geen financiele vergoeding of het reeds 

participeren in andere onderzoeken. Patienten konden niet ge"includeerd warden omdat zij 

niet voldeden aan de inclusiecriteria of niet gemotiveerd waren omdat zij het bijvoorbeeld 

moeilijk vonden om hun zelfcontrolefrequentie te wijzigen. 

Echter, de betrouwbaarheidsintervallen van het HbAlc waren smaller dan verwacht. Deze 

betrouwbaarheidsintervallen en de uitkomsten van de andere parameters laten zien dat 

een intensievere zelfcontrole geen klinisch relevant effect heeft. 

Conclusie en aanbevelingen 

Er is geen wetenschappelijk bewijs en er bestaat geen algemene consensus over het 

aanhouden van een bepaalde frequentie en tijdstippen van zelfcontrole. Het zelfcontrole

frequentieonderzoek heeft laten zien dat het minder intensief uitvoeren van zelfcontrole 

door mensen die stabiel en goed zijn ingesteld met een eenmaal daags insulineregime niet 

leidt tot een verslechtering van de glucoseregulatie en/of een klinisch relevante verandering 

in kwaliteit van leven of diabeteszelfzorgactiviteiten. 

Tot er wetenschappelijk bewijs is om een bepaalde frequentie aan te houden, is het advies 

om in Nederland de aanbevelingen van de nieuwe richtlijn Zelfcontrole te volgen. Maar op 

basis van de uitkomsten van onze studie, kan aan mensen met DM type 2 die stabiel en 

goed zijn ingesteld met een eenmaal daags insulineregime het advies gegeven warden om 

eenmaal per maand een 4-punts dagcurve (voor de maaltijden en voor het slapen gaan) te 

maken. 

10.4 Verder onderzoek 

De onderzoeken in dit proefschrift geven antwoord op een aantal vragen, maar er zijn nog 

aspecten die nadere aandacht vragen. 

Het gebruik van de 1e of 2e b/oeddruppe/ 

Onderzoek is nodig om het gebruik van de 1 e of 2e bloeddruppel te onderzoeken wanneer niet 

de mens met DM zelf, maar een zorgverlener de bloedglucosewaarde meet. Het gaat vaak 

om kwetsbare mensen. Een zorgverlener kent de situatie van de persoon niet. Daarnaast 

kan een deel van deze mensen de handen niet wassen. Verder onderzoek is daarom nodig 

om te onderzoeken of mogelijk andere manieren van schoonmaken van de vinger tot een 
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betrouwbare bloedglucosemeting in de 1 e of 2e bloeddruppel lei den. Ook voor mensen met 

OM zelf kan dit belangrijk zijn wanneer zij hun handen niet kunnen wassen maar de handen 

wel zichtbaar vies zijn of in aanraking zijn geweest met een glucosehoudend product. 

In ons onderzoek is een bloeddrukmanchet gebruikt om een gestandaardiseerde methode 

van stuwen te kunnen gebruiken. lndien mogelijk zou vervolgonderzoek gedaan moeten 

warden naar het effect van stuwen zoals dat in de dagelijkse praktijk wordt gedaan. 

Het patientenperspectief van ze/fcontro/e 

Het kwalitatieve onderzoek is uitgevoerd bij mensen met voldoende kennis van de 

Nederlandse taal en van Kaukasische afkomst. Aangezien beleving waarschijnlijk be'invloed 

wordt door samenleving en cultuur, is onderzoek nodig bij mensen die de Nederlandse 

taal niet voldoende machtig zijn en bij mensen met verschillende culturele achtergronden. 

Mogelijk dat de belevingsvragenlijst aangepast zal moeten warden. Daarnaast kan (een 

kwalitatief) onderzoek onder zorgverleners inzicht geven in hun perspectief op zelfcontrole 

en in of zij ook een verschil ervaren in hun perspectief en die van de mens met OM. 

Verder onderzoek is nodig om te onderzoeken of het gebruik van de zelfcontrole

belevingsvragenlijst leidt tot een betere inzet van zelfcontrole, behoud of verbetering van 

iemands kwaliteit van leven en/of glucoseregulatie. Een andere onderzoeksvraag is of de 

vragenlijst gebruikt kan warden om klinisch belangrijke veranderingen in beleving van 

zelfcontrole te meten. In het kader van de vraag of het wel of niet om een homogene schaal 

gaat, wordt aanbevolen om in de toekomst een confirmatieve factor-analyse uit te voeren. 

Verder zullen in toekomstig onderzoek de invloed van positief en negatief geformuleerde 

vragen en de test-hertest betrouwbaarheid punten van aandacht moeten zijn. 

Frequentie van zelfcontrole 

Gerandomiseerde studies zijn nodig om meer kennis te krijgen over de frequentie en 

tijdstippen van zelfcontrole bij mensen met OM die stabiel en optimaal zijn ingesteld 

met een specifieke insulinetherapie. De studies zouden het effect van een specifieke 

zelfcontrolefrequentie moeten onderzoeken op de glucoseregulatie en kwaliteit van leven. 

Gezien de uitkomsten van ons onderzoek, zou bij mensen met diabetes type 2 die stabiel 

en goed zijn ingesteld met een eenmaal daags insulineregime ook een minder intensieve 

zelfcontrole-frequentie in deze onderzoeken meegenomen kunnen warden, bijvoorbeeld 

een of twee 4-punts dagcurves (voor de maaltijden en voor het slapen gaan) of een nuchtere 

glucosewaarde in combinatie met een HbAlc voor het driemaandelijkse bezoek aan de 

zorgverlener. 
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10.5 Algemene Conclusie 

In dit proefschrift zijn een aantal belangrijke, maar onderbelichte aspecten van zelfcontrole 

bij mensen met DM met insulinetherapie onderzocht. De onderzoeken geven niet alleen 

nieuwe informatie, maar ze geven oak aanleiding tot aanbevelingen en instrumenten voor 

de dagelijkse praktijk. 

Het bloeddruppelonderzoek geeft concrete adviezen over het gebruik van de 1 e of 2e 

bloeddruppel bij de uitvoering van zelfcontrole. De uitkomsten zijn al meegenomen in de 

herziene richtlijn Zelfcontrole. 

De uitkomsten van de frequentieonderzoeken laten zien dat er veel variatie is in adv iezen die 

zorgverleners geven en dat mogelijk aan een aantal mensen met DM een te hoge frequentie 

van zelfcontrole wordt geadviseerd. 

De frequentie van zelfcontrole moet warden afgestemd op de individuele doelen en 

het persoonlijk perspectief op zelfcontrole. Het zelfcontrolemodel en de zelfcontrole

belevingsvragenlijst kunnen helpen hier meer inzicht in te krijgen. Het bespreken van 

het persoonlijk perspectief kan leiden tot een betere inzet van zelfcontrole, behoud of 

verbetering van kwaliteit van leven en/of glucoseregulatie. 

10.6 Afsluitende opmerking 

Tot slot wil ik een pleidooi houden om een ander woord voor 'zelfcontrole' te gaan gebruiken. 

Zelfcontrole kan als een beoordeling ervaren warden en het suggereert dat controle 

bereikt kan warden. Daarmee kan alleen al het woord bijdragen aan de teleurstelling 

en frustratie. Het Engelse woord 'Self-monitoring of blood glucose' en het Duitse woord 

'Blutzuckermessung' geven veel beter en neutraal weer waar het bij zelfcontrole om gaat 

namelijk het meten en monitoren van de bloedglucosewaarde. 

Daarom stel ik voor 'zelfcontrole' te veranderen in 'zelfmeting' :  ZMBG: het Zelf Meten 

van de BloedGlucose. Dit zal kunnen bijdragen aan een meer realistische verwachting ten 

aanzien van de zelfcontrole en aan een meer positieve beleving van zelfcontrole. 
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Summary 

Self-monitoring of blood glucose is presented as an indispensable tool to achieve and 

maintain good glycemic control in insulin-treated patients with diabetes in order to decrease 

or even prevent micro- and macrovascular complications. Most of these patients have to 

perform SMBG all their lives and part of them every day. However, important and practical 

aspects of SMBG are not investigated in this patient category. A few of these aspects were 

subject for this thesis: 

1. The use of the first or the second drop of blood for glucose monitoring. 

2. Perspectives of patients on SMBG. 

3. Frequency of SMBG. 

The studies were conducted among patients with type 1 diabetes and/or among insulin

treated patients with type 2 diabetes. The different chapters are summarized below. 

11.1 The use of the first or the second drop of blood for glucose monitoring to acquire a 

reliable glucose concentration 

There are no well-designed studies known who have investigated the effect of using the 

first or second drop of blood on capillary glucose concentrations in patients with diabetes. 

There is general agreement in international guidelines regarding the use of the first drop 

after washing hands. However, at the time of our studies, no recommendations were given 

for situations in which patients were not able to wash their hands. 

To gain insight into daily practice, a survey study was conducted among 98 European health

care providers and in 111 insulin-treated patients with diabetes (chapter 2). 

There is an almost general agreement regarding the use of the first drop of blood for SMBG 

when patients have washed their hands. However, 13% of the educators advised to use 

the first drop without washing hands. The majority of the diabetes educators advised their 

patients to use the second drop of blood if these patients were not able to wash their hands 

{85% of the Dutch educators and 52% of the other European educators). Furthermore, 20% 

of the diabetes educators gave no advice for a situation in which it was not possible for the 

patient to wash the hands. 

Only 31% of all patients in our study washed their hands each time before they performed 

SMBG, and a quarter of the patients never washed their hands and used the first drop 

for SMBG. Squeezing the finger was necessary in 69% of the measurements to obtain an 

adequate drop of blood, and 16% of the patients reported that they always squeezed their 

finger. 
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Since there are no well-designed studies and considering the outcome of the survey study, 

we conducted two studies with a cross-sectional design to investigate whether capillary 

glucose concentrations, as measured in the first and second drop of blood, differed 10% 

or more compared to a control capillary glucose concentration, in different situations. An 

intervention was considered to lead to reliable readings when 95% of the readings were 

within 10% differences. 

Firstly, a pilot study was carried out among volunteers without diabetes to investigate 

the effect of soiling the finger with sugar containing products and the effect of cleaning 

the 'soiled' finger with chlorhexidine on the capillary glucose concentrations (chapter 3) .  

Soiling the finger with products containing glucose led to more than 10% higher glucose 

concentrations in the first, second and third drop of blood compared to control in 89%, 

63% and 53% of the study participants, respectively. Cleaning the 'soiled' finger with 

chlorhexidine still led to more than 10% higher glucose concentrations in the second drop 

of blood compared to control in 34% of the participants. 

Secondly, we carried out a study among 123 patients with diabetes in order to investigate 

whether capillary glucose concentrations, as measured in the first and second drops of 

blood, differed 10% or more compared to a control capillary glucose concentration, in the 

following situations: 1. without washing hands, 2. after handling fruit, 3. after washing the 

fruit exposed fingers, 4. during the application of varying amounts of external pressure 

around the finger by using a small neonatal cuff around the finger (chapter 4) . 

Not washing hands led to a difference in glucose concentration of 10% or more in the first and 

in the second drops of blood in 11% and 4% of the participants, respectively. In fruit exposed 

fingers, these differences were found in 88% and 11% of the participants, respectively. After 

washing the 'soiled' hands with soap and water, 4% and 5% of the participants showed 

a difference of �10% in the glucose concentrations in the first and second drop of blood 

compared with the controls, respectively. Various external pressures led to 10% or more 

differences in glucose concentrations in 5% - 13% of the participants. 

11.2. Perspectives of patients on SMBG 

In guidelines SMBG is presented as a tool to achieve good glycemic control. However, many 

patients monitor their blood glucose concentration less often than is recommended in these 

guidelines. To gain more insight into this aspect, the patient's perspective was investigated 

in a qualitative study (chapter 5). 
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Data were collected through the conduction of one-time open in-depth interviews, guided 

by a topic list. This topic list was compiled based on literature as well as on two focus group 

meetings. Some of the topics were: the frequency of SMBG, its goals, the effect on daily 

life, knowledge, patient skill level, confidence in self-care, living with diabetes, the patient's 

contribution to treatment, the role of relatives, the role of healthcare providers. The 

interviews were conducted with 13 patients with type 1 diabetes treated in an outpatient 

clinic and 15 patients with type 2 diabetes treated in general practices. 

A wide variety of SMBG was encountered, including higher frequencies of SMBG than was 

recommended. Perceptions, goals of SMBG and personal- and contextual factors were 

identified, influencing the respondent's perspective of SMBG, and leading to this variety. 

Regarding the goals, the respondents experienced tension between achieving good glycemic 

control and quality of life, and deliberately made their own choices. The respondents' 

perceptions of SMBG were situated on a continuum ranging from 'friend' to 'foe'. The 

performance of SMBG was tailored to their perceptions and personal goals. Patients were 

aware of the discrepancies between their choices and the recommendations given by 

their healthcare providers. Personal- and contextual factors such as hypo- or hyper (un} 

awareness, knowledge, and contact with professionals acted as either facilitating factors or 

as barriers to SMBG, depending on the respondent's perspective. Respondents with type 1 

diabetes seemed more resigned to their situation and SMBG was more integrated into their 

lives. A SMBG model was developed providing a representation of the factors and their 

interrelations (appendix I } .  

Perception of SMBG appeared to be an important aspect. However, no objective instrument 

is available to assess this perception. Therefore, based on the qualitative study, the Perception 

of Self-Monitoring of Blood Glucose scale (P-SMBG} was developed and validated to assess 

the positive and negative perceptions of SMBG in insulin-treated patients with diabetes 

{chapter 6). 

An initial 68-item version of the P-SMBG has been evaluated by a professional panel of 

experts and by patients with diabetes. A sample of 375 insulin-treated patients with type 1 

or type 2 diabetes completed the revised P-SMBG, the WH0-5 Well-being Index (WH0-5}, 

the Problems Areas in Diabetes (PAID} scale, the Summary of Diabetes Self-Care Activities 

(SDSCA} and the Fear for Self-testing questionnaire (D-SPAV) to test construct validity, 

internal consistency and stability of the revised P-SMBG. 
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Factor analysis suggested a 19-item scale and a two-factor structure, separating negatively 

and positively worded items. Cronbach's alpha was 0.84 and 0.72, and the intra-class 

correlation coefficient was 0.63 and 0.56 (both p<0. 05}, respectively for both items. Item

total correlations were in the range of 0.23-0.66. Cross-sectional validity was confirmed 

with moderate correlations in the expected direction between P-SMBG and WHO-5, PAID 

and D-SPAV. We retained two items after consideration of the content validity: 'A feeling of 

reacting differently on, for example, nutrition and exercise compared to what I have heard' 

and 'perceiving no problem when other people see the performance of SMBG'. The final 

P-SMBG consists of 21 items (appendix Ill). 

11.3 Frequency of SMBG 

There is insufficient evidence in literature for a specific frequency and timing of SMBG. 

SMBG-guidelines show a variety in recommendations, especially concerning patients with 

type 2 diabetes on one or two insulin injections per day. 

A survey study was conducted among 980 healthcare providers to gain insight into the 

recommendations regarding the frequency of SMBG given to patients who are in stable 

good control (chapter 7). Insulin pump users and patients with type 1 diabetes on four 

injections a day were advised to perform SMBG daily by 96% and 63% of the professionals, 

respectively. The majority of the professionals advised these patients to perform 3-4 

measurements per day. There was less agreement on the timing (pre- and/or postprandial} . 

Patients with type 2 diabetes on four injections daily were advised to perform SMBG less 

frequently. There was a wide variation in recommendations that were given to patients with 

type 2 diabetes on one or two insulin injections daily. A total of 58-64% of the professionals 

reported that they recommend to measure the blood glucose concentration 1 day per week 

or 1 day every two weeks. Nearly a quarter of the professionals recommended to perform 

SMBG on a monthly basis. 

Since a wide variation was encountered in recommendations to this last mentioned patient 

category, a 9-month randomized controlled trial was designed and conducted among 58 

patients with type 2 diabetes, who were in stable good glycemic control and using 1 insulin 

injection daily (chapter 8). The aim was to investigate the effect of a specific frequency 

of SMBG on glycemic control and quality of life. Based on the Dutch SMBG guideline 

(Netherlands Diabetes Federation, 2003) and the outcome of our survey study, patients 

were randomly assigned to measure four blood glucose concentrations daily either one day 
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weekly (group A), one day fortnightly (group B) or one day monthly (group C). The main 

study parameters were change in HbAlc and in quality of life, measured with the Short Form 

Health Survey (SF-12), the Problems Areas in Diabetes (PAID) scale. Furthermore, diabetes 

self-care activities were assessed with the Summary of Diabetes Self-Care Activities (SDSCA). 

Change in HbAlc between group B versus group A was -1.72 mmol/mol (95%Cl:-5.60,2.17), 

between group C versus group A was -2. 70 mmol/mol (95%Cl:-6.35,0.95) and between group 

C versus group B was -0.98 mmol/mol (95%Cl:-4.94,2. 98). There were no significant changes 

between groups on the SF-12, PAID, and SDSCA, except for two dimensions of the SF-12. 

The score on emotion related role limitation was significantly lower in group A compared to 

group C (mean difference:-0.19, 95%Cl:-0.38,-0.0l, p=0.04). Vitality was significantly lower 

in group B compared to group A (mean difference:-0.89, 95%Cl:-l.56,-0.21, p=0.01) and to 

group C (mean difference:-1.02, 95%Cl:-l.71,-0. 34, p=0.001). 

A limitation of our study is the limited sample size. However, there were no large differences 

within groups or between the groups. The small differences and the differences in confidence 

intervals of HbAlc, SF-12, PAID and SDSCA indicate that a lower frequency does not affect 

glycemic control in a substantial manner, nor the number of hypo- or hyperglycemia or the 

self-care activities. 

11.4 Conclusion 

For this thesis, several important and underexposed aspects of SMBG were investigated 

among insulin-treated patients with diabetes. 

The studies concerning the use of the first or second drop of blood have shown that only 

after washing hands with water and soap, the first drop of blood can be used to acquire a 

reliable blood glucose concentration. If washing hands is not possible, and they are not visibly 

soiled or exposed to a sugar containing product, it is acceptable to use the second drop of 

blood after wiping away the first drop. If the hands are visibly soiled or exposed to a sugar 

containing product and washing is not possible, no reliable blood glucose concentration can 

be assessed. External pressure may lead to unreliable readings. 

The P-SMBG is a new instrument to assess positive and negative perceptions of SMBG. The 

SMBG-Model and the P-SMBG can both help to gain insight into a patient's perspective on 

SMBG, and his or her perception, particularly. Discussing this perspective can help to tailor 

the practice of SMBG to an individual patient and to the best use of SMBG. It is expected this 

will lead to an improvement of quality of life and/or clinical parameters. 
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A considerable and relevant variation in the recommendations given by healthcare providers 

about the frequency of SMBG was observed. The most striking differences were found 

among patients with diabetes type 2 on less intensive insulin regimes. 

Our randomised controlled trial has shown that a less intensive frequency of SMBG, among 

insulin-treated patients with type 2 diabetes, who are in stable good glycemic control and 

using one insulin injection daily, did not lead to a clinically relevant difference in HbAlc or to 

a relevant effect on self-care activities and/or quality of life. 

At least a clinically relevant benefit of a more intensive frequency of SMBG can be excluded. 

Based on the result of this thesis, these patients can be recommended to measure four 

blood glucose concentrations (before meals and before bed time) one day monthly. 
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Zelfcontrole wordt gezien als een onmisbaar hulpmiddel voor mensen met diabetes mellitus 

(DM) die behandeld warden met insulinetherapie om een zo goed mogelijk diabetesinstelling 

te bereiken en te behouden en daarmee de kans op micro- en macrovasculaire complicaties 

te verkleinen of zelfs het optreden te voork6men. De meeste van deze mensen moeten hun 

!even lang zelfcontrole uitvoeren en een deel van hen moet dit dagelijks doen. Er is echter 

bij deze patientencategorie weinig wetenschappelijk onderzoek gedaan naar belangrijke 

en praktische aspecten van zelfcontrole. Een aantal van deze aspecten is onderzocht en 

beschreven in dit proefschrift: 

a. Het gebruik van de 1 e of de 2e bloeddruppel bij de uitvoering van zelfcontrole. 

b. Het patientenperspectief van zelfcontrole. 

c. Frequentie van zelfcontrole. 

De onderzoeken zijn uitgevoerd bij mensen met DM type 1 en/of mensen met DM type 2 

die behandeld warden met insulinetherapie. De verschillende onderzoeken warden in het 

kart hieronder besproken. 

12.1 Het gebruik van de 1e of de 2e bloeddruppel bij de uitvoering van zelfcontrole voor 

het verkrijgen van een betrouwbare bloedglucosewaarde 

Er is geen studie bekend waarin het effect van het gebruik van de 1 e of 2e bloeddruppel op 

de bloedglucosewaarde bij mensen met DM is onderzocht. In professionele (internationale) 

richtlijnen is er consensus over het gebruik van de 1 e bloeddruppel na het wassen van de 

handen. Er werden echter ten tijde van ans onderzoek geen adviezen gegeven voor situaties 

wanneer de handen niet gewassen konden warden. 

Om inzicht te krijgen in de dagelijkse praktijk, is een vragenlijstonderzoek gehouden onder 

98 Europese diabeteszorgverleners en onder 111 mensen met DM (hoofdstuk 2). Hieruit 

blijkt dat er een redelijke consensus bestaat onder zorgverleners over het gebruik van de 1 e 

bloeddruppel na het wassen van de handen. Echter 13% van de zorgverleners adviseerde 

de 1 e bloeddruppel te gebruiken zonder het wassen van de handen. Wanneer wassen 

niet mogelijk was, adviseerde het merendeel van de zorgverleners de 2e bloeddruppel te 

gebruiken (85% van de Nederlandse en 52% van overige Europese zorgverleners). Twintig 

procent van de zorgverleners gaf aan geen advies te geven voor die situatie. 

Slechts ongeveer een derde van de mensen met DM gaf aan dat zij altijd hun handen wasten 

voor de uitvoering van zelfcontrole. Een kwart van de deelnemers gaf aan de 1 e bloeddruppel 

te gebruiken zonder dat zij de handen hadden gewassen. Verder gaf 69% van de deelnemers 

aan dat zij de vinger wel eens stuwen voor zelfcontrole om een goede bloeddruppel te 

krijgen, en 16% van alle deelnemers gaf aan altijd de vinger te stuwen. 
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Het ontbreken van onderzoek bij mensen met DM naar deze aspecten en de uitkomsten van 

het vragenlijstonderzoek brachten ons ertoe om het effect te onderzoeken van het gebruik 

van de 1 e of 2e bloeddruppel op de bloedglucosewaarde in verschillende situaties. Hierbij 

werd een verschil van tenminste 10% tussen de gemeten bloedglucosewaarde en de controle 

bloedglucosewaarde of meer dan 0.82 mmol/L wanneer een bloedglucosewaarde lager was 

dan 4.2 mmol/L als een klinisch relevant verschil beschouwd. Een interventie leidde tot 

betrouwbare bloedglucosewaarden wanneer 95% van de gemeten bloedglucosewaarden 

minder dan 10% verschilden met de controlewaarde. 

Eerst is in een pilot-studie bij 25 vrijwilligers zonder diabetes het effect op de 

bloedglucosewaarde in de 1 e, 2e en 3e bloeddruppel onderzocht nadat 1. de vingers 

in aanraking waren geweest met een glucosehoudend product zoals fruit, en 2. 

na het schoonmaken van een 'vieze' vinger met chloorhexidine (hoofdstuk 3). De 

bloedglucosewaarden in de 1e bloeddruppel van vingers die in aanraking waren geweest 

met een glucosehoudend product, verschilden bij 89% van de deelnemers ten minste 10% 

met de controle bloedglucosewaarde. De bloedglucosewaarden in de 2e en 3e bloeddruppel 

verschilden nog bij respectievelijk 63% en 53% van de deelnemers 10% of meer met de 

controle bloedglucosewaarde. De bloedglucosewaarde in de 2e bloeddruppel van 'vieze' 

vingers, die waren schoongemaakt met chloorhexidine, verschilden nog bij 34% van de 

deelnemers 10% of meer van de controle bloedglucosewaarde. 

Hierna is in een onderzoek bij 123 mensen met DM het effect onderzocht van het gebruik 

van de 1 e of 2e bloeddruppel op de bloedglucosewaarde in de volgende situaties: 1. de 

handen waren niet gewassen; 2. nadat de vingers in aanraking waren geweest met een 

glucosehoudend product; 3 na het wassen met water en zeep van de handen, die in 

aanraking waren geweest met een glucosehoudend product; 4. tijdens stuwen met een 

klein bloeddrukmanchet om de vinger (hoofdstuk 4). 

Het niet wassen van de handen leidde tot een relevant verschil tussen de controle 

bloedglucosewaarde en de gemeten bloedglucosewaarde in de ie bloeddruppel bij 11% 

van de deelnemers en in de 2e bloeddruppel bij 4% van de deelnemers. Wanneer de 

vingers in aanraking waren geweest met een glucosehoudend product, werden bij bijna 

alle deelnemers (88%) een relevant verschil tussen de gemeten bloedglucosewaarden en 

controle bloedglucosewaarde in de 1 e bloeddruppel gevonden . Het wegvegen van de 1 e 

bloeddruppel verbeterde de bloedglucosewaarden aanzienlijk. Maar toch verschilden bij 

11% van de deelnemers de bloedglucosewaarden in de 2e bloeddruppel 10% of meer van 

de controle bloedglucosewaarde. Na het wassen van de 'vieze' vingers met water en zeep, 
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verschilden bij 4% van de deelnemers de bloedglucosewaarde in de 1 e bloeddruppel en bij 

5% van de deelnemers de bloedglucosewaarde in de 2e bloeddruppel tenminste 10% met 

de controlewaarde. 

Verschillende externe drukken op de vinger uitgevoerd met de bloeddrukmanchet leidden 

bij 5-13% van de deelnemers tot een klinisch relevant verschil. 

12.2 Het patientenperspectief van zelfcontrole 

Zelfcontrole wordt in richtlijnen beschreven als een hulpmiddel om een zo goed mogelijke 

glucoseregulatie te bereiken. Uit onderzoek blijkt dat veel mensen met DM minder meten 

dan in richtlijnen geadviseerd wordt. Om hierin meer inzicht te krijgen is in een kwalitatief 

onderzoek het patientenperspectief van zelfcontrole onderzocht (hoofdstuk 5). 

Eerst is op basis van literatuur en twee focusgroep bijeenkomsten een topiclijst samengesteld 

met onder andere de volgende onderwerpen: frequentie en doelen van zelfcontrole, de 

impact van zelfcontrole op het dagelijks leven, (ervarings)kennis, vertrouwen in eigen 

kunnen, de rol van familie en vrienden en de rol van zorgverleners, het meten van een te 

hoge of een te lage bloedglucosewaarde en het wel of niet voelen van een hoge en/of lage 

bloedglucosewaarde. Daarna zijn er interviews gehouden met 13 mensen met DM type 1 

uit de tweede lijn en 15 mensen met DM type 2 uit de eerste lijn. Er was een grate variatie 

in de uitvoering van zelfcontrole, waarbij er oak mensen waren die vaker zelfcontrole deden 

dan geadviseerd was. Persoonlijke doelen, beleving van zelfcontrole en persoonlijke- en 

omgevingsfactoren bleken belangrijke factoren te zijn die het perspectief van de mensen 

met DM be'invloedden. Zij richtten zich niet alleen op het bereiken en handhaven van een 

goede glucoseregulatie, maar zij richtten zich ook op het behouden van kwaliteit van leven. 

Zij zochten een balans hiertussen en maakten keuzes hierin. De beleving van zelfcontrole 

bevond zich ergens op het continuum tussen zelfcontrole als een hulpmiddel en zelfcontrole 

als een last. De zelfcontrole werd afgestemd op de persoonlijke doelen en beleving van 

zelfcontrole. De deelnemers waren zich ervan bewust dat hun keuzes soms anders 

waren dan de adviezen die ze hadden gekregen van de zorgverleners. Persoonlijke- en 

omgevingsfactoren zoals het wel of niet voelen van een hypo- of een hyperglycemie, kennis 

en het contact met de zorgverlener konden zowel een bevorderende als een belemmerende 

factor zijn om zelfcontrole uit te voeren. Verder leken mensen met DM type 1 meer te 

berusten in hun situatie dan mensen met DM type 2 en zelfcontrole was bij mensen met 

DM type 1 meer ge'integreerd in hun dagelijks leven. Een zelfcontrolemodel is ontwikkeld 

dat een overzicht geeft van de verschillende factoren en hun onderlinge relatie (appendix II). 
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Beleving van zelfcontrole bleek een belangrijk aspect te zijn. Er is echter geen objectief 

meetinstrument om deze beleving te meten. Daarom is op basis van de uitkomsten van 

het kwalitatieve onderzoek een vragenlijst ontwikkeld waarmee de positieve en negatieve 

beleving van zelfcontrole in kaart gebracht kan warden {de P-SMBG: Perception of Self

Monitoring of Blood Glucose) (hoofdstuk 6). 

Een eerste vragenlijst met 68 uitspraken is ontwikkeld op basis van de uitkomsten van het 

kwalitatieve onderzoek. Deze vragenlijst is beoordeeld door een panel van zorgverleners en 

mensen met DM. Een aangepaste versie van de vragenlijst met 28 uitspraken is getest bij 375 

mensen met DM type 1 en type 2 uit zowel de eerste als de tweede lijn. Deze mensen werden 

gevraagd de zelfcontrole-belevingsvragenlijst, de WHO-5 {algemeen welbevinden), de PAID 

(diabetes specifieke emotionele problemen), de diabetes-zelfzorgactiviteitenvragenlijst 

(SDSCA) en de prikangstvragenlijst {D-SPAV) in te vullen, waarbij de constructvaliditeit, de 

interne consistentie en stabiliteit van de vragenlijst zijn getest. 

De factoranalyse suggereerde om 9 uitspraken te verwijderen. Daarnaast werd een 2-factoren 

oplossing (2 subschalen) gesuggereerd, waarbij een scheiding werd gemaakt tussen positief 

geformuleerde en negatief geformuleerde uitspraken. De Cronbach's alpha was 0.84 and 

0.72, en de intraclass correlatie coefficient was 0. 63 and 0.56 {p<0.05) voor respectievelijk de 

negatief en de positief geformuleerde uitspraken. l tem-totaal correlaties lagen tussen 0.23-

0.66. De cross-sectionele validiteit werd bevestigd door matige correlaties in de verwachte 

richting tussen de belevingsvragenlijst en de WHO-5, PAID en prikangstvragenlijst. Op basis 

van de uitkomsten van het kwalitatieve onderzoek, zijn uiteindelijk nog 2 uitspraken in de 

vragenlijst opgenomen: 'het gevoel hebben anders te reageren op bijvoorbeeld voeding 

en beweging dan dat iemand gehoord heeft' en 'het geen probleem vinden als mensen 

door het uitvoeren van zelfcontrole merken dat iemand diabetes heeft'. De uiteindelijke 

vragenlijst bestaat daarmee uit 21 uitspraken {appendix IV) .  

12.3 Frequentie van zelfcontrole 

Er is vanuit de literatuur onvoldoende wetenschappelijk bewijs voor het aanhouden van een 

bepaalde frequentie van zelfcontrole. In {internationale) richtlijnen warden verschillende 

adviezen gegeven over de frequentie en tijdstippen van zelfcontrole met name aan mensen 

met DM met een eenmaal of tweemaal daags insulineregime. 

Om inzicht te krijgen in wat in de dagelijkse praktijk wordt geadviseerd aan mensen 

met DM, is een vragenlijstonderzoek gehouden onder zorgverleners (hoofdstuk 7) . De 

vragenlijst is ingevuld door 980 zorgverleners. Mensen met DM type 1 met een viermaal 

164 



Samenvatting 

daags insulineregime of een insulinepomp werden door respectievelijk 63% en 96% van 

de zorgverleners geadviseerd om dagelijks zelfcontrole te doen. De meeste zorgverleners 

adviseerden deze mensen 3 tot 4 metingen per dag. Er was minder consensus over de 

tijdstippen van meten (voor- en na de maaltijd). Mensen met DM type 2 met een viermaal 

daags insulineregime werd zelfcontrole met een lagere frequentie geadviseerd. Er was een 

grate variatie in adviezen die gegeven werden aan mensen met DM type 2 met een eenmaal 

of een tweemaal daags insulineregime. Zij werden door 58-64% van de zorgverleners 

geadviseerd om 1 dag in de week of 1 dag in de 2 weken zelfcontrole te doen. Bijna een 

kwart van de zorgverleners adviseerden om eenmaal per maand zelfcontrole te doen. 

Gezien de grate variatie in adviezen die aan deze laatstgenoemde patientencategorie werden 

gegeven, is een gerandomiseerde en gecontroleerde studie opgezet en uitgevoerd bij 58 

mensen met DM type 2, die stabiel waren ingesteld met een eenmaal daags insulineregime 

(hoofdstuk 8). In deze 9 maanden durende studie is het effect onderzocht van een specifieke 

zelfcontrolefrequentie op de glucoseregulatie en kwaliteit van leven. De mensen werden op 

basis van de zelfcontrole richtlijn (Nederlandse Diabetes Federatie, 2003) en de uitkomsten 

van het vragenlijstonderzoek gerandomiseerd over 3 groepen. De 1 e groep heeft eenmaal 

per week, de 2e groep heeft eenmaal per 2 weken en de 3e groep heeft eenmaal per maand 

een 4-punts dagcurve gemaakt. De uitkomstmaat voor de glucoseregulatie was het HbAlc. 

Kwaliteit van leven werd gemeten met twee gevalideerde vragenlijsten: de PAID  (diabetes 

gerelateerde negatieve emoties) en de SF-12 (algemeen welbevinden). Daarnaast werden 

diabetes-zelfzorgactiviteiten gemeten met de SDSCA (diabetes-zelfzorgactiviteitenvragen

lijst). 

Het gemiddeld verschil in HbAlc tussen de tweewekelijkse versus de wekelijkse 

zelfcontrolegroep was -1.72 mmol/mol (95%Cl:-5.60,2.17), tussen de maandelijkse versus 

de wekelijkse zelfcontrolegroep was dit verschil -2.70 mmol/mol (95%(1:-6.35,0.95) en 

tussen de maandelijkse versus de tweewekelijkse zelfcontrolegroep was het verschil 

-0.98 mmol/mol (95%(1:-4. 94,2.98). Er waren geen significante verschillen tussen de 

groepen in de uitkomsten van de SF-12, PAID en SDSCA, behalve bij twee dimensies van 

de SF-12. De wekelijkse zelfcontrolegroep ervoer significant meer emotioneel gerelateerde 

rolbeperkingen dan de maandelijkse zelfcontrolegroep (gemiddeld verschil:-0.19, 95%Cl:-

0.38,-0.01, p=0.04). De tweewekelijkse zelfcontrolegroep scoorde significant lager op 

vitaliteit dan de wekelijkse zelfcontrolegroep (gemiddeld verschil:-0.89, 95%Cl:-1.56,-0.21, 

p=0.01) en dan de maandelijkse zelfcontrolegroep (gemiddeld verschil:-1.02, 95%Cl:-1.71,-

0.34, p=0.001). 
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Er konden te weinig mensen geYncludeerd worden in het onderzoek. Echter, de uitkomsten 

laten beperkte verschi l len zien in de betrouwbaarheidsintervallen in de glucoseregulatie, 

en de scores op de SF-12, de PAID  en SDSCA. Ook op andere parameters zoals het aantal 

gerapporteerde hypo- en hyperglycemieen en het aantal extra diabetes gerelateerde 

contacten met zorgverleners, werden geen kl inisch relevante verschi llen gezien. Deze 

uitkomsten geven aan dat er geen grote verschillen waren binnen en tussen de groepen. 

12.4 Conclusie 

In dit proefschrift zijn een aantal belangrijke en onderbelichte aspecten van zelfcontrole 

onderzocht bij mensen met OM die behandeld warden met insulinetherapie. 

Het bloeddruppelonderzoek heeft laten zien dat, al leen wanneer de handen zijn gewassen 

met water en zeep, de zelfcontrolemeting uit de 1 e bloeddruppel tot een betrouwbare 

bloedglucosewaarde leidt. Bij vingers, die niet direct in aanraking zijn geweest met 

glucosehoudende producten en/of zichtbaar vies zijn, geeft de zelfcontrolemeting in 

de 2e bloeddruppel zonder het wassen van de handen, maar na het wegvegen van de 1 e 

bloeddruppel, een betrouwbare bloedglucosewaarde. Het niet wassen van handen die 

zichtbaar vui l zijn of in aanraking zijn geweest met een glucosehoudend product, leidt tot 

onbetrouwbare bloedglucosewaarden in de 1 e en 2e bloeddruppel. Meer druk op de vinger 

met een bloeddrukmanchet leidt tot meer onbetrouwbare bloedglucosewaarden. 

De zelfcontrole-belevingsvragenlijst is een nieuw instrument waarmee de positieve 

en negatieve beleving van zelfcontrole bij mensen met OM die behandeld warden 

met insulinetherapie gemeten kan worden. Het zelfcontrolemodel en de zelfcontrole

belevingsvragenlijst kunnen helpen om inzicht te krijgen in het perspectief van de mens met 

OM en beleving van zelfcontrole in het bijzonder. De verwachting is dat het bespreken van 

het perspectief zal leiden tot een betere inzet van zelfcontrole, tot behoud of verbetering 

van de glucoseregulatie en/of kwaliteit van leven. 

In de praktijk warden er verschillende adviezen gegeven over de frequentie van 

zelfcontrole door zorgverleners aan mensen met OM die stabiel en goed zijn ingesteld met 

insulinetherapie. Het zelfcontrole-frequentieonderzoek heeft laten zien dat een minder 

intensieve zelfcontrolefrequentie door de mensen met OM type 2, die stabiel en goed zijn 

ingesteld met een eenmaal daags insulinetherapie, niet leidt tot een klinisch relevant verschil 

in HbAlc, kwaliteit van leven en diabeteszelfzorgactiviteiten. In ieder geval kan een klinisch 

relevant voordeel van intensievere zelfcontrole warden uitgesloten. Gezien de uitkomsten 

van het onderzoek kunnen deze mensen geadviseerd warden om maandelijks een dagcurve 

te maken (voor de maaltijden en voor het slapen gaan). 

166 



Chapter 13 

Model Self-monitoring of blood glucose 

Het zelfcontrolemodel 

Perception of Self-Monitoring of Blood Glucose scale (P-SMBG) 

De zelfcontrole-belevingsvragenlijst (P-SM BG) 

Dankwoord 

Curriculum Vitae 

List of publications 

Previous dissertations 



Chapter 13 

Appendix I 

Model Self-monitoring of blood glucose (SMBG) 

Goals of SMBG: 
-glycemic control 
-quality of life 
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Perceptions of SMBG: 
'friend'---------- 'foe' 

I 
Personal factors 

Contextual factors 

Performance of SMBG: 
-frequency 

� -measuring 
-actions 
-evaluation 

/ 



Appendix II 

Het zelfcontrolemodel 

! 

Doelen van zelfcontrole: 
-glucoseregulatie � 
-kwaliteit van leven 

Beleving van 
zelfcontrole: 
'vriend' ---------- 'vijand' 

I 
Persoonlijke factoren 
Omgevi ngsfactoren 

Appendix I I :  Het zelfcontrolemodel 

l 
Uitvoering van 
zelfcontrole: 

� -frequentie 
-de meting 
-acties 
-evaluatie 

/ 
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Appendix Il l 

Perception of Self-monitoring of Blood Glucose scale (P-SMBG) 

This questionnaire is a translation of the Dutch version of the P-SMBG. However, it is not 

validated for English. 

Strongly Disagree Little Little Agree Strongly 
disagree disagree agree agree 

1. SMBG has become a habitual part of my 
(daily) l ife. 
2. SMBG enables me to live the life I want 
to live. 
3. I perceive SMBG as a burden: it confronts 
me with my diabetes. 
4. I do feel dependent on SMBG. 

5. I find it difficult to achieve a balance 
between strict glycemic control and quality 
of life. 
6. I t  is easy for me to organize SMBG. 

7. I am feeling uncertain when I assess a 
'poor' (a high or a low) reading 
8. I am worried about the callous and hard 
spots on my fingers. 

□ not aoulicable: I have no callous or hard soots 
9. The finger puncture is painful. 

10. SMBG gives clarity on how to proceed. 

11. I feel that I have to carry a lot of things 
with me when going outside (my purse is 
like a removal van). 
12. I find it annoying to perform SMBG 
during the holidays. 

□ not applicable: I am not going on hol iday 
13. I find it  annoying to perform SMBG 
when eating out. 

□ not applicable 
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Appendix I l l :  Perception of Self-Monitoring of Blood Glucose sca le (P-SMBG) 

Strongly Disagree Little Little Agree Strongly 
disagree disagree agree agree 

14. I feel that I react differently on, for 
example, nutrition and exercise compared 
to what I have heard. 

15. It is no problem for me when other 
people see I have diabetes as result of the 
performance of SMBG.  

16 .  I feel gui lty when assessing a 'poor' 
reading. 

17. I am feel concerned when assessing a 
'poor' reading. 

18. 1  feel frustrated when assessing a 'poor' 
reading. 

19. The recommended frequency of SMBG 
suits me/ is in accordance with my needs. 

□ not appl icable, no recommendations received of my 
hea lth-care provider 

20. I am afraid of critical reactions from my 
health care providers. 

21. SMBG gives me support for a better 
handl ing of my diabetes. 
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Appendix IV 

Vragenlijst over beleving van zelfcontrole {P-SMBG) 

Helemaal  Mee Een beetje Een beetje Mee Helemaal 
mee oneens mee mee eens eens mee eens 
oneens oneens 

1. Zelfcontrole is een onderdeel van 
mijn (dagelijkse) leven geworden.  

2 .  Zelfcontrole helpt mij om het 
leven te leiden dat ik graag wil 
leiden, ondanks mijn diabetes. 

3. lk vind zelfcontrole belastend 
omdat het mij steeds confronteert 
met mijn diabetes. 

4. lk voel mij afhanke l ijk van 
zelfcontrole. 

5. lk vind het moeilijk om een 
balans te vinden tussen het 
bereiken van goede bloedglucoses* 
en het leven dat ik wil leiden. 
6.  Zelfcontrole vind ik gemakkelijk in 
te plannen in mijn leven.  

7 .  Wanneer ik  een afwijkende (te 
hoge of te lage) bloedglucose meet, 
vraag ik mij meestal af of ik het 
allemaal wel goed doe. 

8. lk vind het vervelend  dat ik 
zichtbare plekken op mijn vingers 
krijg door zelfcontrole .  

□ niet van  toepassine:: i k  heb geen zichtbare plekken 
9. lk vind het prikken in mijn vingers 
pijnlijk. 

10. Zelfcontrole geeft mij 
duidelijkheid ('het geeft mij houvast 
hoe ik verder kan gaan'). 

* Dit wordt ook wel bloedglucosewaarde of bloedsuiker genoemd. 
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Appendix IV :  De zelfcontrole-belevingsvragen l ijst (P-SMBG} 

Helemaal Mee Een beetje Een beetje Mee Helemaal 
mee oneens mee mee eens eens mee eens 
oneens oneens 

11. lk vind dat ik voor zelfcontrole veel 
mee moet nemen als ik op pad ga. 
('Mijn tas is net een verhuiswagen' } .  

12. lk vind het vervelend om tijdens 
mijn vakantie zelfcontrole te doen. 

□ niet van toepassing: ik ga niet op vakantie 
13. lk vind het vervelend om te meten 
wanneer ik ergens anders eet dan 
thuis. 

□ niet van toepassing: ik eet niet ergens anders 
14. lk heb het gevoel dat mijn 
bloedglucose anders reageert op 
bijvoorbeeld voeding  of beweging dan 
dat ik gehoord heb ('Bij mij werkt het 
anders.' } .  

15. l k  vind het geen probleem als 
mensen merken dat ik diabetes heb 
doordat ik zelfcontrole doe. 

16. Wanneer ik een afwijkende 
bloedglucose meet, voel ik mij meestal 
schuldig. 

17. Wanneer ik een afwijkende 
bloedglucose meet, maak ik mij 
meestal zorgen. 

18. Wanneer ik een afwijkende 
bloedglucose meet, voel ik mij vaak 
gefrustree rd. 

19. Het aantal keer dat mijn 
zorgverlener voorstelt om zelfcontrole 
te doen, komt overeen met wat ik 
wenselijk vind. 

□ niet van toepassing: er ziin 12een voorstel len gedaan 
20. lk zie op tegen kritische reacties 
van mijn zorgverleners bij afwijkende 
bloedglucoses. 

21. Door zelfcontrole heb ik meer grip 
gekregen op mijn diabetes. 
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Dankwoord 

Na ruim vier zeer intensieve, boeiende en leerzame jaren, is het proefschrift klaar. Er zijn 

veel mensen die de afgelopen jaren hieraan hebben bijgedragen. Het is bijzonder dat zoveel 

mensen zich samen met mij hebben willen inzetten om het promotietraject tot een goed 

einde te brengen ! Een ieder hartelijk bedankt hiervoor!  

Mensen met diabetes en zorgverleners: hartelijk bedankt voor de deelname, enthousiaste 

inzet en medewerking. Zander uw/jullie inspanningen hadden de onderzoeken niet 

uitgevoerd kunnen warden. 

Alie auteurs: jullie expertise en enthousiasme zijn niet alleen onmisbaar geweest voor de 

onderzoeken zelf, maar zij hebben ook bijgedragen aan mijn ontwikkeling als onderzoeker. 

Hartelijk bedankt hiervoor. 

lk ben erg dankbaar dat ik dit promotietraject heb mogen en kunnen doen. Het is in veel 

opzichten een bijzonder, leerzaam en onvergetelijk traject geweest. 

Een aantal mensen wil ik hierbij in het bijzonder bedanken. 

Beste Henk, het Diabetes Kenniscentrum is een prachtig onderzoeks- en opleidingscentrum. 

De zeer grate database biedt heel veel mogelijkheden voor (toekomstig) onderzoek en je 

mag hier terecht heel trots op zijn. Hierbij wil ik je hartelijk bedanken voor de mogelijkheid 

die je mij, als diabetesverpleegkundige, geboden hebt om te promoveren en voor de ruimte 

en vrijheid die ik gekregen heb om de onderzoeken te doen, die ik graag wilde doen. 

Beste Rijk, er is geen intensief contact geweest, maar de contacten waren voor mij wel 

inspirerend en ondersteunend. Bedankt voor het vertrouwen dat je mij hebt gegeven. 

Beste Jaap, je bent voor mij de ideale coach geweest met je zeer brede kennis en e rvaring, 

je positieve houding en nuchtere kijk. lk ben dankbaar voor je luisterend oor en het was 

heerlijk inhoudelijk met je te 'sparren'. lk ben altijd weer met nieuwe inspiratie en energie 

bij je vandaan gegaan. Enorm bedankt hiervoor. 
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Beste Nanno, je brede deskundigheid en perfectionisme hebben een waardevolle en 

essentiele bijdrage geleverd aan dit proefschrift. Sommige onderzoeken waren niet jouw 

'cup of tea'. Desalniettemin was je bereid je ook hiervoor in te zetten en hierin mee te 

denken. Veel dank voor je ondersteuning en ik zal onze bijzondere samenwerking nooit 

vergeten. 

Beste Klaas, als er een 3e co-promotor mogelijk was geweest, was jij die zeker geworden. Je 

geduld en vertrouwen hebben mij erg geholpen om de statistiek steeds meer te doorgronden. 

Je uitspraak:' er is nog nooit een computer geweest die van mij gewonnen heeft', maakte 

dat ik altijd vol vertrouwen bij je langs kwam. Hartelijk bedankt. 

Beste Bas, bedankt voor je kritisch meedenken en waardevolle feedback. 

Beste overige medeauteurs, Marijke, Marion, Susan, Robbert, Bert, Aart en Willem, tijdens 

mijn promotie heb ik verschillende typen onderzoeken uitgevoerd. lk heb jullie benaderd 

vanwege jullie expertise ten aanzien van een bepaald type onderzoek, en jullie waren 

allemaal gelijk bereid mee te doen. Daarnaast hebben jullie verschillende achtergronden 

en komen jullie uit verschillende 'settingen'. Hierdoor hebben jullie een zeer waardevolle 

bijdrage geleverd. Allemaal enorm bedankt. 

Diabetesteam lsala Klinieken, jullie wil ik hierbij apart benoemen omdat jullie bij veel 

onderzoeken betrokken zijn geweest en een grate bijdrage hebben geleverd. Bedankt voor 

jullie enthousiasme en betrokkenheid. 

Collega-onderzoekers van het Diabetes Kenniscentrum, het was fijn ervaringen met 

elkaar te delen, elkaar te inspireren en te ondersteunen. Hartelijk bedankt voor de fijne 

samenwerking. 

Beste Anneke en Greetje, hartelijk bedankt voor het typewerk en het invoeren van data. Het 

is een hele klus geweest. 

Beste Laura, Tony, Anne en Nienke, hartelijk bedankt voor het corrigeren van het Engels. 

Jullie hebben hiermee zeker bijgedragen aan de publicatie van de onderzoeken. 
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Leden van de leesommissie, prof. dr. M.J. Schuurmans, beste Marieke, prof. dr. F.J .  Snoek, 

beste Frank  en prof. d r. B .H .R. Wolffenbuttel, beste Bruce, hartel ijk  bedankt voor het 

beoordelen van het manuscript. 

Beste Tiny en Wim, en ook Andre, ju l l ie  hebben een fantastische 'bed en breakfast', waa r  i k  

d e  afgelopen jaren dankbaar  gebrui k  van h eb  gemaakt. Hartel ij k  bedankt voor a l l e  goede 

zorgen en de gastvrijheid. 

Lieve ouders, m ijn paran imf en 'wandelmaatje' Evel ien, mijn l ieve zus(je) en pa ran imf 

Liesbeth, verdere fami l ie en vrienden, bedankt voor ju l l ie interesse en steun ! Het was fijn 

de moei l ijke momenten te delen en de 'feestjes' bij de versch i l lende mij lpa len met elkaar 

te vieren. 

Tenslotte wil i k  m ijn partner Marian enorm bedanken voor de onvoorwaardel ijke steun en 

l iefde !  Promoveren doe je in  zekere z in samen. Je bent m ijn 'gouden thuisfront' ! 
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