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● Sub-question 2: What is the influence of the need for control on the number of 

blood glucose measurements in patients with Diabetes Mellitus? 
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Research context  

This study is within the field of health psychology with the aim of studying therapy compliance 

in patients with diabetes. It is important for patients with diabetes to be loyal to their 

treatment. Some forms of therapy compliance include measuring blood glucose 

concentration, administering insulin, diet, and physical activity. Insufficient therapy 

compliance can lead to fluctuations in blood glucose concentration, namely hypoglycemia 

(hypoG) and hyperglycemia (hyperG). HypoG and hyperG can lead to long-term 

complications, such as cardiovascular disease (Munshi et al., 2016). Psychological factors that 

may affect adherence are also considered. Therefore, this study investigates the influence of 

need for control on different forms of adherence.  

 

This research is a follow-up to an initial master thesis conducted in the 2020-2021 academic 

year. That literature review was situated within the field of rehabilitation of internal disorders 

and rehabilitation of mental health. The systematic review aimed to investigate the influence 

of different types of blood glucose monitoring on hypoG and hyperG in patients with type 1 

diabetes. Both the first and second master thesis are part of an ongoing study, i.e., adherence 

in patients with diabetes. The current master thesis is conducted at Hasselt University in 

Diepenbeek, in collaboration with the Ziekenhuis Oost-Limburg, in Genk and Maaseik.  

 

The research question was drawn up in consultation with supervisor Dr. Maaike Van Den 

Houte. The students had no contribution in the study design, because a study protocol already 

existed. The task of both students was to send the questionnaires by post or e-mail and then 

collect data from the questionnaires and patients. Both students collected the data with the 

help of third parties. The data analysis was carried out independently by both researchers. 

Finally, they both contributed equally to the academic writing process. 
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Abstract  

Background: Diabetes Mellitus (DM) is a chronic metabolic disorder in which patients have 

problems with glycaemic control. In order to avoid the side effects of poor glycaemic control, 

treatment compliance is important. This can avoid  short- and long-term complications .  

Objectives: The aim of this longitudinal prospective observational study was to investigate 

the influence of the need for control on the different forms of treatment compliance, 

operationalized as self-reported physical activity and the number of blood glucose 

measurements.  

Participants: Participants with DM who were using the FreeStyle Libre system to measure 

blood glucose concentration were included in this study. The participants were recruited from 

the Ziekenhuis Oost-Limburg in Genk and Maaseik. 

Measurements: Data was collected four times a year, when the participants visited the 

physician. These data included the HbA1c value, mean blood glucose concentration, mean 

number of blood glucose measurements, mean number of hypoglycaemic episodes and self-

report questionnaires (NCP-q; SDSCA measure, short version). These data were collected using 

Qualtrics. The primary outcome measures in this study were the need for control, the mean 

amount of physical activity, and the mean number of blood glucose measurements. 

Results: No significant difference was found in physical activity (p = 0.841) or blood glucose 

measurements (p = 0.567) over time. Also, there was no significant influence found of NCP-q 

on both types of treatment compliance (FA: p = 0.272; BGM: p = 0.825). There was a significant 

interaction found between the different amount of physical activity and the different values 

of the NCP-q over time (p = 0.016). 

Conclusion: Patients with DM who have a high need for control engage less in physical activity 

over time, whereas patients with DM who have a low need for control engage more in 

physical activity over time. 

Main keywords: Diabetes Mellitus, need for control, physical activity, blood glucose 

measurements  
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Introduction 

DM is a metabolic disorder, mainly characterised by hyperG. It occurs in different types, in 

particular Diabetes Mellitus type 1 (DM1), Diabetes Mellitus type 2 (DM2) and other specific 

forms of DM (Kerner et al., 2014). DM1 is a chronic autoimmune disorder in which the body 

attacks the insulin-producing cells. In this case, there is insulin deficiency resulting in hyperG. 

The diagnosis is made based on the fasting blood glucose concentration above 126 mg/dL (7.0 

mmol/L), a random blood glucose concentration above 200 ml/dL (11.1 mmol/L), an abnormal 

result on the glucose tolerance test and an HbA1c value above 48 mmol/mol (6.5%). It has 

been found that in the presence of two or more antibodies, there is an 84% chance of 

developing DM1 by the age of 18 years (DiMeglio et al., 2018). DM2 is characterised by insulin 

resistance. Insulin resistance indicates that the insulin produced by the pancreas is less 

effective in lowering the blood glucose concentration. This results in high blood glucose 

concentration, also known as hyperG (Schmidt, 2018).  

 

Patients with DM1 have problems with glycaemic control, which can lead to both hypoG and 

hyperG. The short-term symptoms of hypoG include tachycardia, anxiety, tremor, sweating, 

nausea, hunger, weakness, dizziness and loss of consciousness (Kittah & Vella, 2017).  HyperG 

leads to polyuria, excessive drinking, weight loss, abdominal symptoms and headaches in the 

short term. Due to high blood glucose concentration, patients with DM1 have a higher risk of 

developing cardiovascular diseases in the long-term (Katsarou et al., 2017). Because of the 

long-term complications of frequent hypoG and hyperG episodes, it is important that patients 

with DM1 are able to control the condition. As controlling the condition consists of proper 

diet, adequate exercise, blood glucose monitoring several times a day and corresponding 

insulin therapy, all under the control of the patient himself, adherence is immensely 

important (Katsarou et al., 2017; Viana et al., 2016). 

 

There is clinical evidence of the benefits of physical activity in patients with DM1. A study by 

Jewiss et al. (2017) showed that DM1 patients who did 150 minutes of physical activity a week 

had significantly improved HbA1c values and BMI. Patients who did 100 minutes of physical 

activity per week, only improved in BMI, but not HbA1c. This means that the beneficial effects 

associated with physical activity are dependent on the duration of exercise time.  Physical 
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activity is also beneficial for the complications of DM1 such as cardiovascular disease and 

peripheral neuropathies. Physical activity can improve insulin sensitivity and skeletal muscle 

energy consumption. This may improve blood glucose uptake.  When glucose uptake 

improves, glucose is more likely to be converted to glycogen. This could cause hypoG. 

Therefore, training programmes should be designed individually if there is a risk of hypoG and 

hyperG in patients with DM1 (Lu & Zhao, 2020). Individuals with a higher BMI are more likely 

to have a hypoG episode during vigorous physical activity (Hohendorff et al., 2019).  

 

Blood glucose values can be measured with a continuous glucose monitoring system such as 

the FreeStyle Libre system (FSL). FSL contains a sensor that can measure the glucose 

concentration in the interstitial fluid. This allows patients with DM1 to read their blood 

glucose values at any time by scanning the sensor with their smartphone. Good monitoring 

depends on the number of measurements taken in a day. Seven to eight scans are needed 

every day. Too many scans per day can lead to inaccurate corrections and too little scans per 

day prevents you from anticipating rapidly changing blood glucose values (Bianchi et al., 

2018). Finally, it is also important to assess controllability of the condition in patients with 

DM1. Controllability and predictability of the condition are two concepts that are closely 

related. According to Zvolensky et al. (2000), predictability is a term that is used for the degree 

to which the patient experiences signs about the beginning, end, or duration of an episode. 

The authors also mention that in order to control the disorder, you must also be able to 

predict the disorder from the signs. This is a one-way association, because to be able to 

predict the disorder one does not need controllability. The less the predictability of the 

situation, the higher the anxiety levels in the individual will be (Zvolensky et al., 2000). In 

addition, it can be considered that the less the situation is controlled, the more anxiety will 

arise in the individual, and the better a situation is controlled the less anxiety will arise in the 

individual (Grillon et al., 2007; Vogeltanz and Hecker, 1999). The study by Nijs (2013) shows 

that the need for controllability and predictability are associated with some personality 

characteristics. In this study, neuroticism is mentioned as an example. A certain degree of 

controllability is necessary, but too much need for control could therefore also have a 

negative impact. The aim of this study is to investigate the influence of the need for control 

on different types of compliance, such as physical activity and blood glucose measurements. 
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Method 

Study design and setting 

This was a longitudinal prospective observational study that was conducted in the hospital 

Oost-Limburg (ZOL) in Genk and Maaseik, Belgium. Patient data were collected four times 

over a period of thirteen months. A combination of data was used. The data from four 

consecutive consultations (HbA1c value), questionnaires completed at home at four 

measurement points parallel to these consultations, and continuous data from the blood 

glucose monitoring system each time three months before the consultations were collected. 

Participants 

Participant recruitment was carried out in collaboration with different campuses of the ZOL 

hospital in Genk and Maaseik, Belgium. The patients came three times a year for consultation 

with an appointed doctor in accordance with the national Belgian guidelines for reimbursed 

treatment for diabetes. During the first check-up, the appointed physician presented the 

study. If the patient was interested, they signed an informed consent form in which an 

agreement was formulated regarding the sharing of the patient's contact information. The 

study researchers made further contact with the patient by email.  

 

The inclusion criteria of this study were patients with DM who are included in the diabetes 

convention and who use the FreeStyle Libre system to monitor their blood glucose levels.  

The exclusion criteria of this study were: a) wearing an insulin pump, b) pregnancy, c) 

dementia, d) the presence of acute serious physical problems not related to diabetes such as 

cancer, with exceptions for patients who had their last treatment more than five years ago, 

have been in remission for at least five years. Patients with comorbid conditions that were 

possible complications of the diabetes, such as cardiovascular diseases, could be included in 

the study.   

 



12 
 

Outcome measures 

Primary outcome measures 

The primary outcome measures in this study were The Need for Controllability and 

Predictability Questionnaire (NCP-q), the amount of self-reported physical activity measured 

by Summary of Diabetes Self-care Activities Measure (SDSCA) and the average number of 

blood glucose measurements per day as measured by LibreView. 

 

The Need for Controllability and Predictability Questionnaire (NCP-q) is a self-report 

questionnaire that measures the need for controllability and predictability using 15 items. 

(see attachment C) Approximately half of the items question the need for controllability and 

the other half the need for predictability. Each item was rated using a Likert scale, with 1 "not 

typical" and 5 "very typical”. The total score was the ideal indicator of an individual's need for 

controllability and predictability (Nijs, 2013). The total score of the NCP-q was used  to 

measure need for controllability and predictability in this study.  

 

The Summary of Diabetes Self-care Activities Measure (SDSCA) is a self-report questionnaire 

that measures self-management in adult diabetic patients, more specifically in patients with 

DM1. The SDSCA assesses five aspects of self-care in diabetic patients in the past seven days: 

a) diet, b) physical activity, c) blood glucose testing, d) foot care, and e) smoking. The items 

are rated using an eight-point scale (Toobert, Hampson, & Glasgow, 2000), questioning the 

number of days (0-7) the patient performed certain diabetes self-care actions. For this study, 

the average of the two items pertaining to physical activity was used.  

 

LibreView is a secure online program that saves user data from diabetes patients who use the 

FreeStyle Libre system to measure blood glucose. Patients measured their blood glucose 

concentration by scanning the sensor and this data is automatically shared with their 

healthcare providers. Continuous data was used, as blood glucose levels can be measured up 

to four hours back. Patients are expected to scan once every four hours. 

 

The data was displayed in a clear and simple way in the form of monthly reports. These 

monthly reports show the following data: a) the mean blood glucose concentration per day, 
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b) the number of measurements per day and c) the number of hypoG per day. These reports 

help the patient to control diabetes more effectively (Caruso et al., 2021). For this study, using 

LibreView, the number of measurements per day was used as a measure of treatment 

compliance.  

Secondary outcome measures 

The secondary outcome measures in this study were HbA1C value, mean glucose 

concentration, mean number of hypoG episodes, work situation, type of diploma, smoking or 

not smoking and whether the participants reported engaging in sports.   

 

The HbA1c value is a glycated hemoglobin and represents the patient's glycemic status over 

the past three months. The HbA1c value must remain below 7%. A value above this 

percentage can cause long-term complications (Nitin, 2010).  

The mean glucose concentration and mean number of hypoG episodes for each of the four 

measurement occasions were determined from the mean glucose concentration and mean 

number of hypoG episodes of the 100 days before the consultation. The data were derived 

from the monthly glucose reports from LibreView.  

Variables 

The purpose of the study was to explore whether the need for control was associated with 

treatment compliance, as operationalized as 1) the average number of blood glucose 

measurements per day and 2) the average number of days/week patients reported to adhere 

to physical activity guidelines, as measured by the SDSCA.  

Procedure 

The patient and the researcher signed the informed consent (see attachment A) in twofold. 

Afterwards, the patient received instructions for filling out the questionnaires in an 

information bundle (see attachment B) after every  consultation. The questionnaires were 

sent by email or by post on the day of the consultation in the hospital. Participants were given 

two weeks to complete the questionnaires. The patient also received an individual participant 

number for completing these questionnaires anonymously. The questionnaires  (see 

attachment C) were administered by post or via the online survey system Qualtrics. A variety 
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of data was collected including: a) data from LibreView, b) data from questionnaires, and c) 

patient data from patient records in the ZOL.  

The data from LibreView are the mean glucose concentration per day, the number of 

measurements per day and the number of hypoG episodes per day from the 100 days 

preceding the consultations, for four consecutive consultations. These data were collected  

and stored anonymously by different researchers. Finally, the HbA1c value on the day of the 

consultation in the hospital was extracted from the patient files.  
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Data analysis 

For the primary outcome measures, the following were considered: a) the score of the NCP-

q at the start of the study, b) the average physical activity score from the SDSCA for each of 

the four measurement moments and c) the average number of blood glucose measurements- 

per day over the 100 days preceding each of the four measurement moments. The results of 

the NCP-q and the mean physical activity were extracted from Qualtrics. The mean number 

of blood glucose measurements were extracted from the LibreView system. 

 

For the secondary outcome measures, the following were considered: a) work situation, b) 

type of degree, c) smoking or not, d) exercising or not at the start of the study. These data 

were extracted from the questionnaires on Qualtrics. Four measurement moments were 

considered for the HbA1C value and weight. These were taken from the patient records. 

Average glucose concentration and average number of hypoglycemic episodes were also 

extracted from Libre view for four measurement moments.  

 

There is a difference between the variables “participation in sport”, which was only collected  

at the start of the study, and the “amount of physical activity”, collected during the four 

measurement moments. Participation in sports is part of a general information questionnaire 

before the questionnaires are completed. This general information about participation in 

sports was included to provide a profile of the participants at the start of the study. The 

participants had to answer open questions. In order to take physical activity into account 

during the four measurements, two items of the SDSCA measure were used. The first two 

items of this questionnaire measure the amount of physical activity in the past seven days by 

means of closed questions. The general information on sport, on the other hand, is an open 

question about whether or not people participate in sport and how often per week they do 

so.  

 

Mixed Models Analysis was used for statistical analysis since a longitudinal study was 

conducted. A level of significance of p < 0.05 was accepted for this study. Only data from 

participants who completed the NCP-q were used. The data were analysed using the software 

JMP 16 and Excel version 16.58.  
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The independent variable affected the dependent variables. The independent variable was 

the need for control. The dependent variables were the number of blood glucose 

measurements and physical activity. Two main effects were examined. The first main effect 

of the independent variable was the need for control, but since this was a longitudinal study, 

a second main effect was examined as well. First, the relationship between people's need for 

control, based on the number of blood glucose measurements or mean physical activity, was 

examined independently of time.  Then there was an examination of whether the number of 

blood glucose measurements or mean physical activity changed over time. Finally, the 

interaction between the need for control and time was examined.  
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Results 

Participants 

The original sample consisted of 65 participants. These participants completed multiple 

questionnaires since the start of the study. Five participants had not completed the NCP-q at 

the start of the study and were therefore excluded from this study. The final sample consisted 

of 60 participants. 

Work situation 

The work situation of the participants at the start of this study was examined. The majority of 

the participants had a full time job. In addition, 17% of the participants had a part-time job 

and 19% of the participants were already retired. See figure 1 for further information.  

 

Figure 1. Work situation of the participants. 

Diploma 

The highest diploma obtained by the participants at the start of the study was also examined. 

The majority of the participants obtained a post secondary education. In addition, there was 

a large group of participants who had obtained a TSO or BSO diploma. See figure 2 for further 

information.  
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Figure 2. Highest diploma of the participants. 

Smoking 

Participants were assessed on whether or not they smoked or had stopped smoking at the 

start of the study. The majority of participants either smoked at the start of the study or had 

smoked in the past. See figure 3 for further information.  

 

Figure 3. Smoking situation of the participants. 

Sport 

The study examined whether or not the participants practised sport at the start of the study. 

Six out of ten participants did not do any sport at the start of the study. In the meantime, 38% 
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of the participants did participate in sports at the start of the study. See figure 4 for further 

information.  

 

Figure 4. Sport situation of the participants. 

HbA1c value 

Each participant attended a doctor's consultation four times in thirteen months. At each 

consultation the HbA1c value was measured. Most participants had a mean HbA1c value of 

7% to 7.9% throughout the four measurements. It is known that a value above 7%  can cause 

long-term complications (Nitin, 2010). The group of mean HbA1c values that varied the most 

throughout the four measurements were 7% to 7.9% and 8% to 8.9%. For the third and fourth 

measurement, there were some participants with a lower HbA1c value. During the third 

measurement there was no participant with an HbA1c value between 10% and 10.9%, but 

there were some participants with an HbA1c value between 11% and 11.9%. During the fourth 

measurement there were no longer any participants with an HbA1c value between 11% and 

11.9%. Finally, it can be observed that more data were available during the fourth 

measurement. See figure 5 for further information.  
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Figure 5. HbA1c value of the participants. 

Mean blood glucose concentration  

The blood glucose concentrations were expressed as the mean blood glucose concentration 

per day. A mean per measurement time (100 days preceding the consultation) was taken from 

these data. For any blood glucose concentration, the value should be above 200 mg/dL to be 

considered abnormal (DiMeglio et al., 2018). At the first measurement, most participants had 

a blood glucose concentration between 130 and 139.9 mg/dL. At the second measurement, 

most participants had a blood glucose concentration between 130 and 169.9 mg/dL. At the 

third measurement, most participants had a blood glucose concentration between 130 and 

139.9 mg/dL. At the fourth and final measurement, most participants had a blood glucose 

concentration between 140 and 149.9 mg/dL. 

For the first measurement, only 10.7% of the participants had a blood glucose concentration 

of 200 mg/dL or more. The same applies to the participants at the second measurement. 

12.3% of the participants had a blood glucose concentration above 200 mg/dL at the third 

measurement and 18.4% of the participants for the last measurement. See figure 6 for further 

information.  
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Figure 6. Mean blood glucose concentration of the participants. 

Mean number of hypoglycemic episodes  

The mean number of hypoG episodes was taken from each day for each measurement. At the 

first measurement, most participants had a mean of 0.5 to 0.9 hypoG episodes per day. Only 

twelve participants had one or more. Most participants had 0 to 0.49 hypoG episodes per day 

at the second measurement. Only fourteen participants had more than one hypoG episode 

per day. The largest group of participants had a mean of zero to one hypoG episode per day 

at the third measurement. There were 18 participants who had a mean of more than one 

hypoG episode per day. At the fourth measurement, the largest group of participants had a 

mean of 0 to 0.49 hypoG episodes per day.  

There was a clear difference between the first consultation and the last consultation within 

the group that ranged from 0.00 to 0.49 hypoG episodes per day. It was also shown that 

during the fourth consultation less participants had hypoG episodes compared to the first 

consultation. See figure 7 for further information.  
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Figure 7. Mean number of hypoglycemic episodes of the participants. 

Mixed model analyse 

No significant difference was found between the measurement moments (main effect of 

measurement moment) for either physical activity (F(1,116.7) = 0.040, p = 0.841) or blood 

glucose measurements (F(1,165.4) = 0.330, p = 0.272). Also, no significant main effect of the 

NCP-q score on physical activity (F(1,49.6) = 1.232, p = 0.567) or blood glucose measurements 

(F(1,56.9) = 0.049, p = 0.825) was found. The measurement moment x NCP-q interaction on 

physical activity (F(1,113.9) = 5.966, p = 0.016) was significant. The measurement moment x 

NCP-q interaction on the number of blood glucose measurements (F(1,165.2) = 1.151, p = 

0.285) was not significant. (table 1) 

 

Table 1 

Results of the mixed model analysis 

 Physical activity Number of blood glucose 
measurements 

 F Ratio Prob > F F Ratio Prob > F 

Main effect of 
measurement 
moment 

0.040 0.841 0.330 0.567 
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Main effect of 
NCP-q 

1.232 0.272 0.049 0.825 

Interaction 
effect NCP-
q*MM 

5.966 0.016* 1.151 0.285 

Note. * = significant result p < 0.05; NCP-q = The Need for Controllability and Predictability 

Questionnaire ; MM = measurement moment  

 

The statistical analysis shows that there is no significant difference in the number of blood 

glucose measurements or the amount of physical activity at the different measurement 

moments, no consideration of the need for control. The need for control has no significant 

influence on the number of blood glucose measurements or the amount of physical activity, 

not taking into account the different measurement moments. The interaction shows that the 

relationship between different measurement moments and blood glucose monitoring is not 

different with different levels of need for control. In addition, the interaction shows that the 

relationship between the different measurement occasions and physical activity is different 

at different levels of need for control.  

 

The interaction showed that the evolution of physical activity over the different measurement 

moments was different for patients with different levels of need for control. The more need 

for control a participant had, the less they participated in physical activity over time. The less 

need for control a participant had, the more they participated in physical activity over time. 

Post-hoc analyses showed that participants with an NCP-q value between 20 and 42 (low need 

for control) will go from an average of three to five and a half days of physical activity per 

week across the four measurements. Participants with an NCP-q value between 42 and 49 will 

experience an average increase of half a day of physical activity per week. Among participants 

with an NCP-q value between 49 and 55, there was a large variation in number of days of 

physical activity per week across the four measurements, but there was however an average 

decrease in the number of days of physical activity per week. Participants with an NCP-q value 

between 55 and 63 showed a decrease from an average of four and a half to three and a half 

days of physical activity per week. Participants with an NCP-q value between 63 and 73 

remained constant in the number of days of physical activity per week over the four 

measurements. (see figure 8) 
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Figure 8. Interaction between the physical activity across the four measurements and the 

different levels of need for control. 
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Discussion 

The aim of this longitudinal prospective observational study was to investigate the influence 

of need for control on different types of treatment compliance, more specifically the amount 

of physical activity and the average number of blood glucose measuremen67ts per day. The 

study showed that there were no significant differences between the four measurements for  

both types of treatment compliance  when the need for control was not taken into account. 

The study also showed no significant relationship between the need for control and physical 

activity or number of blood glucose measurements when the measurement moment was not 

taken into account. Interestingly, a significant interaction was found between the amount of 

physical activity throughout time and different levels of need for control. The more need for 

control a person with DM had, the less they participated in physical activity over the four 

measurement moments. The less need for control a person with DM had, the more they 

participated in physical activity over the four measurement moments. In contrast, no 

interaction effect was found between the number of blood glucose measurements between 

the four measurements and the need for control.  

 

As mentioned in the introduction, the less a situation can be controlled, the more anxiety a 

person may experience (Grillon et al., 2007; Vogeltanz and Hecker, 1999). The study by Carek 

et al. (2011) reflects that exercise leads to significant decreases in anxiety levels. Figure 1 

shows that when a patient with DM has less need for control and therefore has less anxiety, 

they increase more in amount of physical activity per week over time. It can also be seen that 

when a patient with DM has a higher need for control and therefore has more anxiety, they 

engage in less physical activity over time compared to those who have a lower need for 

control.  

 

No cut-off scores or classification systems within the scores were used to consider the need 

for control as abnormal. The NCP-q was scored using the total score by summing the score of 

each item. The study of Nijs (2013) showed that the total score of this questionnaire is valid 

as an indicator of the need for controllability and predictability in an individual. A higher score 
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indicates a higher need for control. In the present study, only the NCP-q score of the first 

measurement was taken into account and was treated as a trait variable.  

Over all measurement moments, the majority of patients had excessively high HbA1c values, 

i.e., 7% or more. The study by Karatas et al. (2021) showed that the lockdown, due to the 

COVID-19 pandemic, had a negative impact on glucose control in both patients with DM and 

patients without DM. Since the fourth measurement for many participants occurred during 

or after the pandemic, this could be a possible explanation. There is also a study showing that 

patients with DM had a higher risk of acquiring COVID-19 infection (Clotman and Twickler, 

2020). The study mentioned that patients with DM are more susceptible compared to healthy 

individuals due to the ACE2 receptors in the lungs when hyperglycemic status is too high. It 

also mentioned that patients were administered with more paracetamol in case of active 

COVID-19 infection, which could potentially lead to increased HbA1c values (Clotman and 

Twickler, 2020).  

The study by Karatas et al. (2021) also describes that the lockdown as a result of the COVID-

19 pandemic caused a change in eating patterns and an increase in physical inactivity. Both 

eating patterns and physical activity affect blood glucose concentration (Teich et al., 2019). 

The study also indicates the importance of 150 minutes of physical activity per week in 

patients with DM1 and DM2. At the start of this study, 60% of the participants did not 

participate in sports. This could indicate a possible explanation for the increased HbA1c value 

and the increase in mean blood glucose concentration across the four measurements. The 

number of participants with blood glucose levels above 200 mg/dl for measurement moments 

one and two was 10.7%, for measurement moment three it was 12.3%, and for measurement 

moment four it was 18.4%. Since there is only data on sport participation at the start of the 

study, no association could be found between changes in sport participation and changes in 

mean blood glucose concentration.  

There was also an increase in the number of participants with high blood glucose 

concentrations across the four measurements.  

In addition to exercise and diet, other influencing factors such as sleep and stress have also 

been investigated. There is a study that shows that people today do not have enough sleep 
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which prevents healthy metabolism (McHill and Wright, 2017). The authors mention that 

insufficient sleep can lead to the ingestion of high-calorie foods and poorer glucose 

metabolism as a result of a disrupted circadian rhythm or in other words a disrupted day and 

night rhythm. In the questionnaires that were administered to the participants, some 

questions were asked about this, but these results were not included in this study. This could 

also be a possible explanation, but so there is not enough data to make this connection in the 

current study. According to the study by Mifsud et al. (2018), stress-induced hyperG can occur 

in both diabetic patients and healthy individuals. For example, sepsis, trauma or an acute 

threat could lead to the activation of the hypothalamic-pituitary-adrenal axis if the stress is 

persistent. This is going to cause cortisol levels in the body to remain elevated for an extended 

period of time, which in turn will cause glucose to be formed again. This is going to cause the 

blood glucose concentration to increase (Mifsud et al., 2018). It can be concluded that stress 

can affect blood glucose concentration. Stress was assessed from the questionnaires 

administered, but also not purely included in the current study which makes it impossible to 

make a clear connection.  

In addition, there is one study that mentions that regular exercise has a positive impact on 

HbA1c levels (Teich et al., 2019). Because this study only focused on participation in sports 

during the first measurement, there is not enough information to support or refute this 

statement.  

Of course, this study has some weaknesses. There were 60 participants included in the study, 

while the initial target was 150 participants. As a result, the analyses could not be carried out 

as adequately as intended. Overall, there is a lot of missing data. These data are not 

consistently missing from the same participant or the same characteristic. As a result, no 

change per individual could be determined, but rather a general change. The reason for the 

many missing data is unknown. A possible explanation for the non-significant results is the 

many missing data. The COVID-19 pandemic mainly resulted in participants having less data. 

This reduced the power of the study, reducing the possibility of rejecting the null hypothesis. 

This pandemic brought many changes with it, and because this is an observational study it 

could have had an influence for a long period of time. Finally, this study is an observational 
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study. Therefore, a low level of evidence is assigned. The COVID-19 pandemic could also be 

an explanation for the non-significant results.  

 

There are also some biases. Firstly, there is a recall bias. The participants had to complete the 

questionnaires based on the previous two weeks. Because they had to rely on their memory, 

it is possible that this information was overestimated. It was also observed that certain 

participants gave very different answers to the same question at the same measurement 

moment, for example the amount of physical activity. Finally, a confounding bias is also 

present. The statistical analysis in this current study did not consider all variables. An example 

of this is that the age was not included as a variable. Many questionnaires were administered, 

but only the need for control, amount of physical activity and number of blood glucose 

measurements were chosen to be described. 

In addition, this study also had some strengths. Despite the many missing data due to the 

COVID-19 pandemic, it could be concluded that the data from LibreView were very objective. 

In fact, the study design for this research is also ideal. According to the study by Turner and 

Houle (2019), an observational study is a very valuable study despite its many limitations. 

Such a study design can observe many subjects in a real setting without having to manipulate 

any variable. In this way, an exposure can be associated with an important outcome. 

In general, very little is known in the literature about the influence of need for control and 

the different types of treatment compliance. Since these results are relatively new, there are 

also recommendations for future studies. The COVID-19 pandemic and associated lockdown 

caused many changes in both eating and physical activity. This has impeded the objective 

review of some data. In addition, it would be an added value for future studies to include both 

the general information questionnaire about participation in sport and the questionnaire 

about physical activity of the SDSCA measure. In this way, the difference between the two 

can also be assessed. This would give a better picture of the influence of physical activity on 

blood glucose concentration and HbA1c value. 

This research also has value for clinical practice. As discussed in the above results and 

discussion, it can be interpreted to clinical practice that the outcomes of the NCP-q can be 
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considered in clinical practice, since a high or a low need for control can have a different 

influence on the treatment compliance of patients with DM over time. For example, patients 

with a high need for control might be missing the benefits of physical activity. An educational 

dialogue between the patient and doctor or psychologist could be held to explain this 

relationship. 
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Conclusion 

The conclusion from this research is that the need for control did not influence the different 

types of treatment compliance in patients with DM. These different types of treatment 

compliance were described as physical activity or the number of blood glucose measurements 

and both variables showed no significant difference throughout time. One significant result 

was found about the interaction of different measurement occasions and physical activity, 

taking into account the different levels of need for control. Patients with DM who have a high 

need for control engage less in physical activity over time, whereas patients with DM who 

have a low need for control engage more in physical activity over time. Further research is 

needed to consider other factors, such as participation in sport across the four measurement 

moments, anxiety, and the height of the participants, as other studies have shown that these 

data are also important in patients with DM.
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