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BEHORENDE BIJ HET PROEFSCHRIFT 

'SELF-CARE INTERVENTIONS IN TYPE 2 DIABETES' 

1. Chroomsuppletie leidt in de westerse wereld niet tot een verbetering van de 
glycemische regulatie bij patienten met diabetes mellitus type 2. Dit Proefschrift 

2. K.aneelsuppletie leidt niet tot een verbetering van de glycemische regulatie bij 
patienten met diabetes mellitus type 2. Dit Proefschrift 

3. Ademhalingsoefeningen met behulp van de Resperate® leiden niet tot een 
verbctering van de bloeddruk. Dit Proefschrift 

4. Het meegeven van zelfcontroleapparatuur voor het meten van 
bloedglucosewaarden aan patienten met diabetes mellitus type 2 behandeld met 
orale bloedglucoseverlagende middelen leidt niet tot een verbetering van de 
glycemische regulatie. Dit Proefschrift 

5. Het meegeven van zelfcontroleapparatuur voor het meten van 
bloedglucosewaarden aan patienten met diabetes mellitus type 2 behandeld met 
orale bloedglucoseverlagende middelen leidt tot een verslechtering van de 
kwaliteit van leven. Dit Proefschrift 

6. Voor een probleem dat voor een belangrijk deel wordt veroorzaakt door een 
gebrek aan activiteit bestaan geen passieve oplossingen. Dit Proefschrift 

7. Bij het opzetten van trials, waarbij subgroepselectie ('restriction of range') plaats 
vindt, moet men bedacht zijn op verlies van 'power'. 

8. Er hoeven voorlopig geen gerandomiseerde studies meer plaats te vinden met 
chroom als supplement bij patienten met diabetes mellitus type 2 in een 
westerse populatie. 

9. Apothekers zouden als erkende zorgverlener geen middelen moeten verkopen 
die niet therapeutisch bewezen effectief zijn. 

10. Hoe minder 'exciting' het resultaat van goed onderzoek, hoe belangrijker de 
'expert based opinion' dreigt te worden. 
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1 Introduction 

As stated in the second revision of the guideline 'Diabetes mellitus type 2' of the Dutch 
College of General Practitioners, environmental factors are particularly important in the 
development of diabetes (1). The choice of the word 'environmental' is interesting in the 
context of this thesis. A combination of environmental factors and a patient's genotype 
play an important role in creating a certain phenotype. However, especially in humans, 
environmental factors can be handled and adjusted differently, thus allowing the 
development of completely different phenotypes despite a common genotype. This 
thesis focuses on the different aspects of how someone can intervene in her or his 
phenotype development. 

The prevalence of diabetes mellitus in The Netherlands was estimated to be 740,000 in 
the year 2007 and is expected to rise to 1,300,000 in the year 2025 (2). In addition to the 
proportional rise in the ageing population, overweight in particular plays an important 
role in this worrisome rise of patients with diabetes mellitus (3). The most important 
causes of being overweight are a decrease of physical activity and an increase of 
(unhealthy) food intake. In order to slow down the pandemic of obesity, people (at risk) 
themselves need to be willing to intervene. Weight loss and an increase in physical 
exercise (even without weight loss) are effective self-care interventions and cost
effective, not only for the prevention of type 2 diabetes mellitus (f2DM), but also for 
tackling the cause for the majority of T2DM patients (1,4,5). Unfortunately, quite often 
these (general) self-care interventions are ineffective in daily practice. The majority of 
recently diagnosed T2DM patients, usually after a fruitless period of trying to improve 
their glycemic control by non-pharmacological means, will have to be treated with 
glucose lowering drugs (6). 
Apart from preventing or treating T2DM and its microvascular complications, self-care 
interventions can have an impact on associated disorders such as hypertension and 
dyslipidemia as well (7-16). In T2DM, these disorders are associated with the increased 
incidence of macrovascular complications and early mortality, even to a greater extent 
than the hyperglycemic state itself (17). Self-care interventions therefore potentially have 
an enormous impact on the treatment of these disorders and the prevention of 
macrovascular morbidity and early mortality. 

Various current guidelines for the treatment of T2DM advise the following 
interventions (if applicable): 
1. Stop smoking (8). 
2. Maximize alcohol consumption to 2 units of alcohol a day (9,10). 
3. Increase physical exercise to at least 30 minutes a day (11,12). 
4. Reduce weight with 5-10% (13,14). 
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5. Restrict sodium to 50-100 mmol/day (15). 
6. Improve food composition, with less fat and a normalized caloric intake (16). 

In addition to these well-established interventions in regular medicine, patients are 
informed about other possibilities to improve their condition in many other ways. 
Patients are exposed to a multitude of suggested solutions outside the field of regular 
medicine, for example in pharmacies, in supermarkets, on the internet, in 
complementary medicine, etc. There is a very important difference between the six 
interventions mentioned above and the self-care interventions that will be discussed 
below. The above mentioned interventions require patients to actively change their 
habits, such as quitting their smoking habit (addiction) and/ or reducing their alcohol 
consumption and/ or increasing physical activity, etc. This means that patients really 
have to invest time and effort in changing their habits, and they may even suffer from 
withdrawal symptoms. Most self-care interventions that will be discussed below have a 
more passive character. The amount of effort and 'pain' the patient has to invest 
influences a patients' motivation and these factors could have positive and negative 
influences on the success of the intervention. 

In a study published in 2001, 44% of the patients with T2DM used over the counter 
supplements and 31 % used alternative medication (18). A literature review in 2007 
reported that complementary and alternative medicine use among people with diabetes 
ranges from 17% to 73%. The most widely used therapies among diabetic populations 
are nutritional supplements, herbal medicines, nutritional advice, spiritual healing and 
relaxation techniques (19). This means that a lot of patients try alternative approaches in 
addition to the treatment and advice they receive from care providers in regular 
medicine. Some will perhaps prove to be beneficial, but the majority of these therapies 
are not beneficial. Since at least a third of the patients with T2DM is taking alternative 
medication, these therapies ought to be studied and their value assessed and determined 
(18). 'Alternative remedies' and other promising and insufficiently proven interventions 
in the Western world is an area of interest and study at our Diabetes Centre. 

The aim of this thesis was to study the effects of some of the self-care interventions 
used by T2DM patients while these self-care interventions are not part of the T2DM 
guidelines. The self-care interventions studied are chromium, cinnamon, a device that 
aims to lower blood pressure (device guided breathing exercise), and self-measurement 
of blood glucose (SMBG). 

The above mentioned interventions will all be introduced and discussed separately in the 
different chapters. A short introduction to the different interventions is given below: 

In chapters 2-5, (trivalent) chromium was studied. The first intervention of this thesis 
was studied because we read an article in the Internisten Vademecum, in which it was 
suggested that chromium should be considered more often in the treatment of T2DM 
(20). This was based partly on a large trial published in the previous century by 
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Anderson et al. in the journal Diabetes (21). One hundred and eighty Chinese patients 
with T2DM were randomized to placebo, 200 microgram of chromium or 1,000 
microgram of chromium a day. The researchers reported a substantial decrease in 
HbAlc (AlC) of almost 2 percentage points after only 4 months of treatment with 
1,000 microgram chromium per day, compared to placebo. During the last decade, 
chromium has become the second most popular dietary supplement after calcium in the 
United States, with sales amounting to approximately 100 million dollars annually (22). 
Chromium supplements are mainly used for weight loss. However, patients with 
diabetes also use these supplements to improve their glycemic control by increasing 
insulin sensitivity (23-25). Chromium supplements are also popular in the Netherlands 
with two million Euros in annual sales in 2004 (26). The results found in China needs to 
be reproduced to ensure better conclusions regarding its efficacy and safety in Western 
society. Therefore, we initiated two randomized double-blind placebo-controlled studies 
with chromium at the Diabetes Centre in Zwolle. The other two chapters are a review 
of the literature and a response to a systematic review. 

In chapter 6, cinnamon was studied. It was studied because of repeated questions from 
health care providers on the forum of our website www.diabetes2.nl. Cinnamon is also 
believed to have a beneficial effect on insulin sensitivity (27). This supplement received 
a lot of attention after the publication of a randomized controlled trial in Diabetes Care 
in 2003. The conclusion of this trial was that cinnamon improves glycemic control (28). 
Fasting blood glucose levels decreased from 13.0 mmol/L to 9.2 mmol/L in the group 
of patients using 6 grams of cinnamon a day, whereas fasting glucose levels remained 
unchanged in the placebo group. This article motivated us to systematically review the 
literature concerning the effects of cinnamon in patients with diabetes. 

In chapters 7-9, studies with a device claimed to lower blood pressure through guided 
breathing exercises were performed, two of which are single-blind randomized 
controlled trials, and the third study is a review of the literature. Some years ago, we 
noticed that this device was introduced to the Dutch market and we received a lot of 
questions about its efficacy. When we searched for literature, we mainly found studies 
performed by the manufacturer himself (29-33), and one study sponsored by the 
manufacturer at that time (34). Nearly all studies concluded that this device succeeded in 
reducing blood pressure. However, patients with diabetes were not included in any of 
these studies. 

Finally, in chapters 10-12, we performed some studies investigating the effects of self
measurement of blood glucose (SMBG) in T2DM patients not using insulin, of which 
one is a response to a systematic review, which was the reason for initiating the 
randomized controlled trial presented in chapter 11. A recently performed literature 
study is presented in chapter 12. SMBG is an effective tool to help improve metabolic 
control in patients with type 1 diabetes and in patients with T2DM who are using 
insulin. But the effectiveness is still not proven in studies with T2DM patients who are 
not using insulin (35-38). However, in daily practice, SMBG is much less controversial 
(39,40). The number of patients using SMBG has increased substantially, from 19% of 
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the patients in the UK in 1993 to 32% in 1998, and this number has risen ever since. A 
systematic review concluded that there is a possible beneficial effect of SMBG use on 
HbAlc in this patient group of 0.39%. However, due to the lack of studies of high 
methodological quality and problems of heterogeneity between studies, this positive 
assessment is questionable (38). 

In chapter 13, I will discuss the different studies separately and the interventions as a 
whole. In chapter 14, some recommendations are made building on the results of the 
studies in my thesis. In chapter 15 and 16, a summary of the different chapters is 
presented in English and Dutch separately. 
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Chapter 2 

A B S T R A C T  

From as early as the SOs, it has been known that chromium is  essential for  a normal 
glucose metabolism. Nutrition that lacks chromium may lead to insulin resistance. 
However, a standard for defining chromium deficiency has never been established. At 
the moment, chromium supplements are very popular. Various systematic reviews did 
not show any effects of chromium on glycaemic regulation (probably also due to the 
low dosages used), but a slight reduction in average body weight of 1 kg was observed in 
one study population. In a Chinese population with type 2 diabetes, supplementation of 
1000µg of chromium in a randomised placebo-controlled trial led to a fall in HbA1c of 
2%. Toxic effects are seldom seen; however, recently the safety of chromium picolinate 
has been questioned. Please be aware that individual patients with type 2 diabetes 
mellitus may experience hypoglycaemic episodes with chromium supplementation as 
self-medication. 
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Chromium and insulin resistance 

INTRODUCTION 

The two types of the chromium element which are biologically important are the 
trivalent (3+) and the hexavalent (6+) forms. Chromium 6+ does not occur in nature 
and is quite toxic. The chromium found in food and in dietary supplements is all of the 
trivalent type. Whole grain products, such as bread (not white), legumes, nuts, and some 
spices contain low concentrations of chromium (1). Chromium as a supplement is 
becoming more and more popular, particularly in the form of weight loss products and 
'glucose tolerance factor'. The yearly sales of chromium picolinate in the United States 
are approximately 100 million dollars (2). Chromium picolinate was the second most 
popular dietary supplement after calcium. Chromium supplements are also popular in 
The Netherlands with two million euros in annual sales (3). 
Most patients with diabetes mellitus type 2 (DM2) are resistant to insulin (4). In patients 
with insulin resistance, the peripheral tissues are less sensitive to insulin, therefore blood 
glucose levels may rise because the beta cells are unable to meet the demand for insulin. 
This increasing blood glucose level will eventually lead to the condition DM2. Insulin 
resistance is also related to a number of other conditions such as hypertension and 
dyslipidemia. These factors contribute to an increased risk for cardiac and vascular 
disease and premature death in these patients (5,6). DM2 is a worldwide epidemic (5), 
with tens of thousands of newly diagnosed patients each year in The Netherlands (7,8), 
making it cardinally important to gain further understanding of the insulin resistance 
syndrome. 
Trivalent chromium's role in glucose metabolism has been known since the 1950s (9). 
The first studies were animal studies, which clearly showed that chromium is essential 
for a normal glucose metabolism. 
A case report, published in 1977, discussed a woman, aged 40, who had to undergo a 
total enterectomy as the result of a mesenterial thrombosis (10). Following the 
procedure, she received total parenteral nutrition (TPN) through a subclavian catheter 
nightly. A little more than three years later, she lost more than five kilograms in a period 
of less than three months, and her plasma glucose concentration rose to values of 
manifest diabetes mellitus. To achieve a normoglycemic state, 45 units of zinc insulin 
were administered daily. Causes for the hyperglycemia were sought, because insulin 
resistance in a young woman who is not overweight is very rare. Chromium deficiency 
was considered as a possible cause after an article by Mertz (11) from 1969 was 
discovered, in which the biological functions of chromium are discussed. The chromium 
concentration in her serum and hair was measured and found to be low ( chromium in 
hair 154 ng/g (N > 500 ng/g), chromium in serum 0.55 ng/g (N 4.9 - 9.5 ng/g)). She 
was treated intravenously with 250 micrograms of chromium chloride daily for two 
weeks. This treatment resulted in a clear decrease in the amount of insulin required to 
treat her diabetes mellitus. After four months of chromium supplements, she no longer 
required insulin. She continued to receive 20 micrograms of chromium intravenously 
daily, and remained normoglycemic after a period of one year. 
Since that time, many studies have been done on both humans and animals to study 
chromium's effect on glycemic control. Healthy people require 25 to 35 µg of 
chromium in their daily diet (12). The average diet contains slightly less than 30 µg of 
chromium (13). A large proportion of healthy people therefore have enough chromium 
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in their daily diet and probably would not benefit from supplements. A possibility for 
the correction of a chromium deficit in a subgroup of people may be achieved through 
the use of dietary supplements, of which the most common chromium preparations are 
chromium picolinate, chromium chloride, chromium nicotinic acid, and chromium in 
yeast. 

PHYSIOLOG Y 

Vincent et al. have done extensive research investigating chromium's mechanism of 
action at the cellular level. They discovered that the Apo-Low-Molecular-Weight
Chromium binding substance (also known as Apo-chromoduline), an oligopeptide 
described by them, plays an important role in potentiating the insulin response in cells 
sensitive to insulin (see figure 1) (14). Apo-chromoduline can bind four chromium ions 
when the insulin receptor is activated. This first activation takes place as soon as insulin 
binds to its receptor. This is how the chromium moves from the extracellular to the 
intracellular space (see figure 1B). Intracellularly, the Apo-chromoduline is loaded with a 
maximum of four chromium ions. This "loaded" Apo-chromoduline is now called 
Holo-chromoduline (see figure 1C). The Holo-chromoduline binds to the insulin 
receptor (see figure 1D), causing a stronger activation of the insulin receptor. When not 
enough chromium is available, the activation will be less. This could be one of the 
possible explanations for the insulin resistance seen with chromium deficiency. 
Experiments using fat cells from rats showed that the activation of the insulin receptor 
(tyrosine kinase activation) is eight times stronger in the presence of chromium with 
equal concentrations of insulin (15). 
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Figure 1A = A cell sensitive to insulin. Figure 1B Partial activation of the insulin 
receptor. Figure 1 C = Apo-chromoduline loaded with chromium becomes Holo
chromoduline. Figure 1D = Complete activation of the insulin receptor. 
Figure 1. Chromium's mechanism of action at the cellular level. 
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EVIDENCE 

A number of randomized clinical trials (RCTs) have been done studying both diabetic 
and non-diabetic patients. Three systematic reviews have been published discussing the 
effects of chromium (16-18). First we will discuss the systematic reviews, followed by a 
discussion of the largest RCT done up until now, by Anderson et al. in 1997 (19) (which 
is not included in the systematic reviews), and finally, we will look at an RCT (20) which 
was published later than the systematic reviews. 

Systematic reviews of treatment with chromium 
During the past year, Althuis et al. published a meta-analysis, including 14 published 
RCTs, addressing the effects of chromium on glucose, HbA1c, and insulin in people 
with and without diabetes (16). No effect on insulin or glucose concentrations was seen 
in the subjects without diabetes. In the subjects with diabetes, no conclusions could be 
drawn as the number of studies and patients in it was too small. 
Pittler et al. did a meta analysis to look at the effect of chromium picolinate on weight. 
The subjects were primarily volunteers and athletes (17). Chromium picolinate resulted 
in a significant 1.1 kg loss in body weight. 
Yeh et al. did a systematic review looking at the effects of various spices and dietary 
supplements on glycemic regulation (18). They selected 8 RCTs in which the effect of 
chromium on glycemic regulation in people with DM2 was studied. They came to the 
same conclusion as Althuis et al., namely that more studies are required, particularly in 
the western population, before valid conclusions regarding chromium's efficacy could 
be drawn. 

RCTs addressing treatment with chromium 
In 1997, Anderson et al. published an RCT about chromium supplements given over a 
period of four months to a group of 180 Chinese patients with DM2 (19). The patients 
were randomized into three groups, placebo, 200 µg chromium, and 1000 µg of 
chromium daily as chromium picolinate. After four months, the HbA1c in the placebo 
group was unchanged (8.5%), while the HbA1c in the 200 µg group showed a 
significant decrease from 8.5% to 7.5%. In the group treated with 1000 µg chromium 
(many times the daily requirement for healthy subjects) a decrease in the HbA1c from 
8.5% to 6.6% was seen. 
Ghosh et al. looked at the effect of giving 400 µg of chromium picolinate versus a 
placebo in 50 subjects with DM2 in India (20). In the treatment group, the HbA1c 
remained stable at 7.2% after 12 weeks. In the placebo group, the HbA1c level rose 
from 7.2% to 7.9%. The difference between the two groups was statistically significant. 

DISCUSSION 

There is presently insufficient evidence that chromium supplements lead to an 
improvement in glycemic regulation in people with DM2. There are a number of 
explanations for this. To date, too few studies with adequate patient numbers have been 
published. There are also many studies in which low doses were used. This is partially 
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due to the fact that the right dose is not yet known. Little or no effect was generally seen 
in studies with experimental chromium dosages of 200 µg or less. There are few studies 
in which higher doses were used. Anderson's (19) and Ghosh's (20) studies, which did 
use higher dosages, both showed promising results. Finally, there are no guidelines 
defining chromium deficiency, which makes patient selection difficult when one would 
like to investigate the possible benefits of chromium therapy for patients who are 
chromium deficient. 
Although chromium deficiency can lead to insulin resistance, insulin resistance is not 
always due to chromium deficiency. It is not yet known how many people have a 
resistance to insulin as a result of a chromium deficiency. It is also unknown if 
chromium deficiencies can develop more quickly in people who have a genetic 
predisposition for the development of this condition. In the future, more studies will 
have to be done focusing on chromium and the parameters of insulin resistance. A 
proven effect of chromium supplements would represent an important expansion of the 
therapeutic arsenal in the treatment of DM2. 
No toxic effects were reported in the systematic reviews conducted by Pittler (17) and 
Althuis (16) and the study by Anderson (19). Sporadic toxic effects have been reported 
in the literature (17). The Food Standards Agency (1) has recently placed a ban on one of 
the chromium supplements, chromium picolinate. This decision was based on in vitro 
studies conducted by, among others, Stearns et al. (21) who found that high 
concentrations of chromium picolinate had a damaging effect on the DNA in animal 
tissues. Because of the questions still surrounding the safety of chromium picolinate, 
caution is recommended with respect to this specific form of chromium supplement. 

The current treatment for diabetes mellitus and associated conditions related to insulin 
resistance is primarily symptomatic, by using oral glucose lowering agents, insulin, blood 
pressure reducing agents, and lipid lowering agents. Besides metformin, there have been 
a number of other medications (thiazolidinediones) available for the treatment of insulin 
resistance for the past several years. Using chromium supplements to treat chromium 
deficiency is an attractive option, as this addresses the underlying cause and, in theory, 
all of the problems relating to insulin resistance would then be treated with a single 
intervention. Nonetheless, it is still too early to endorse the widespread use of 
chromium in daily practice, particularly since it is difficult to confirm a diagnosis of 
chromium deficiency. Many patients, however, decide to start taking this supplement 
without consulting their physician. Although there is still no hard and fast evidence in 
the literature for the efficacy of chromium supplements, we must, considering the 
theoretical effect on the insulin sensitivity and the results reported in randomised 
controlled trials, keep in mind that hypoglycemic events may occur in individual cases if 
other glucose lowering medications are not decreased in a timely fashion following the 
addition of therapeutic chromium. It would be wise, when starting chromium 
supplements, to take some extra measures with respect to glucose regulation in patients 
with type 2 diabetes mellitus. 
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A BSTRACT 

Objective 

Chromium treatment has been reported to improve glycemic control and insulin 
sensitivity in specific populations of patients with type 2 diabetes. The aim of this study 
was to determine the effect of chromium treatment on glycemic control in a Western 
population of insulin-dependent patients with type 2 diabetes. 

Methods 

In this 6-month double-blind study, patients with an HbA1c (A1C) >8% and insulin 
requirements of > 50 units/ day were randomly assigned to receive treatment with 
placebo or 500 or 1,000 µg chromium daily in the form of chromium picolinate. The 
primary efficacy parameter was a change in A1C. Secondary end points were changes in 
lipid profile, BMI, blood pressure, and insulin requirements. 

Results 

Thehe decrease in A1C was approximately equal across the three groups (0.4% (N=46)). 
All patients had a BMI >25 kg/m2

• No differences were found in the secondary end 
points. We found a weak relationship between an increasing serum chromium 
concentration and improvement of the lipid profile. 

Conclusions 

There is no evidence that high-dose chromium treatment is effective in obese Western 
patients with type 2 diabetes. 
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INTRODUCTION 

With the ever-growing epidemic of type 2 diabetes, investigations are directed toward 
prevention and pharmaceutical and lifestyle interventions to treat type 2 diabetes. Since 
insulin resistance is seen as a major contributor to the development of overt type 2 
diabetes, efforts are being directed toward the improvement of insulin sensitivity. One 
possible method to improve insulin sensitivity is chromium supplementation. 
In vitro and animal studies (1,2) have shown chromium to have a positive effect on 
insulin sensitivity. One of the intracellular proteins influencing the insulin receptor is the 
oligopeptide apolipoprotein, low molecular-weight, chromium-binding substance (apo
chromomodulin) (2). In vitro, this peptide has the ability to increase tyrosine kinase 
activity eightfold, depending on the chromium concentration (3). This in turn promotes 
insulin receptor activity, thus eliciting improved insulin sensitivity. Therefore, for some 
time now, chromium has been thought to play a beneficial role in glucose metabolism 
and, as early as 1957, was referred to as a "glucose tolerance factor" (4). It has been 
marketed as such by some companies in the U.S. 
There are studies that support this proposed effect. Anderson et al. (5) studied the 
effects of chromium treatment in a group of Chinese patients with type 2 diabetes. They 
reported an average decrease in HbAlc (A1C) of almost 2 percentage points after only 4 
months of treatment with 1,000 µg chromium daily. Since then, the effects of chromium 
on glycemic control, lipid profile, weight, and muscular strength have been investigated, 
both in nondiabetic healthy subjects and in patients with type 2 diabetes. Two 
systematic reviews (6,7) on the effects of chromium on glycemic control have been 
published. Both reviews concluded that based on the currently available data, the effects 
of chromium on glycemic control are inconclusive. Too few well-designed studies have 
been performed, especially in Western populations, to allow any definitive conclusions. 
A recent study in subjects with impaired glucose tolerance did not show any effects with 
chromium supplementation (800 µg daily) on glucose tolerance, insulin sensitivity, or 
lipid profile (8). We have performed a double-blind randomized placebo-controlled 
study investigating the effects of chromium on glycemic control and on factors 
associated with the metabolic syndrome in subjects with type 2 diabetes within a 
Western population. 

METHODS 

Using our local Diabetes Electronic Management System, we selected patients with type 
2 diabetes who met the following eligibility criteria: A1C 2::8%, daily use of insulin 2::50 
units, creatinine :S150 µmol/1 for men and :S120 µmol/1 for women, creatinine 
clearance 2::50 ml/min, alanine aminotransferase :S 90 units/I, and age <75 years. 
Exclusion criteria included pregnancy (including patients who were trying to conceive) 
and a history of liver or renal disease. To test our hypothesis that chromium reduces 
A1C (primary outcome measure) (with a power of 80%, ex = 0.05, two tailed), a sample 
size of 14 per group is required to detect a 1 % absolute reduction in A1C. To 
compensate for nonevaluable patients, we planned to enroll 20 patients per group. 
Secondary outcome measures were changes in lipid profile, body weight, blood pressure, 
and plasma chromium concentration. After the potential participants had been informed 
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of the study by their attending internist and by information sent by mail, the researchers 
contacted the patients by telephone at home and asked whether they would be willing to 
participate. Patients were included after written informed consent was obtained. This 
study was approved by the medical ethics committee of the Isala Clinics, Zwolle, the 
Netherlands. 
The study was carried out in a diabetes outpatient clinic situated in one of the hospitals 
in Zwolle. Seven patients were not randomized since they did not meet the eligibility 
criteria ( one patient was excluded because he used <SO units of insulin per day, and six 
patients had an AlC <8%) (Figure 1) .  A total of 53 patients were randomized into the 
following three groups: one group was given a placebo (n = 19), one group received 250 
µg chromium picolinate twice daily (n = 1 7), and one group received 500 µg chromium 
picolinate twice daily (n = 1 7) .  In total, 46 patients completed the study period of 6 
months. Patients were asked not to change their diet and their insulin dosages. In 
general, they were asked not to change anything in their lifestyles and to continue their 
lives as normally as possible. Additionally, no changes were made in cholesterol
reducing, blood pressure-lowering, or oral hypoglycemic agents during the study period. 
In the case of complaints related to hypoglycemia or symptomatic hyperglycemia, the 
insulin scheme was adjusted. 
All capsules, including placebo, were furnished by our hospital pharmacy and were 
indistinguishable from each other. Neither the researchers nor the patients knew into 
which group they had been randomized. Independent pharmacists dispensed either 
chromium capsules or placebo in numbered containers according to a computer
generated randomization list. No restrictions were used. The code was revealed to the 
researchers once recruitment, data collection, and laboratory analyses were complete. 
The chromium capsules were made with chromium picolinate containing 1 2% 
chromium (Fagron Pharmaceuticals, Nieuwerkerk aan de IJssel, the Netherlands) . 
Patients were instructed to take one tablet at breakfast time and one during the evening 
meal. In case of side effects, patients were requested to stop taking the study medication 
for 1 week and then to resume the twice-daily dosing if the side effects had disappeared. 
At baseline, we recorded the duration of the diabetes, diabetes medication(s), any other 
medication(s), and insulin requirements. Patients were weighed barefooted and clothed. 
Height was measured with the patients not wearing shoes, and blood pressure was 
measured with the patient in a sitting position. The mean of two blood pressure 
measurements taken with a minimal interval of 1 5  s from the right arm was calculated. 
The validated automated blood pressure device Omron HEM-71 1 was used (1 0) . Serum 
creatinine, hemoglobin, alanine aminotransferase, Al C, serum total cholesterol, LDL, 
HDL, triglycerides, and plasma chromium were measured according to standard hospital 
procedure. We used the Cockcroft and Gault formula to estimate glomerular filtration 
rate from serum creatinine, age, and body weight (1 1) .  
After 1 ,  3 ,  and 6 months, the same measures as  at  baseline were reassessed, except for 
height. Any reported side effects were also recorded. Plasma chromium was analyzed by 
the method of additions calibrate, using a Perkin-Elmer AA 800 Zeeman furnace 
electrothermal atomic absorption spectrophotometer (PerkinElmer Benelux, 
Hoevestein, Oosterhout, the Netherlands), based on a previously described method 
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(12). Assay performance was monitored with standard reference material (bovine serum; 
Dutch Foundation for Quality Assessment in Clinical Laboratories, Nijmegen, the 
Netherlands) with a target value of 20.6 ± 2.1 nmol/1 chromium. Three different 
samples were analyzed per patient with concentration value variations not exceeding 
15%. The detection limit was 10 nmol/1. 

Statistical analyses 
In Figure 1, the CONSORT diagram of this study is presented (9). Per-protocol analyses 
were performed. To evaluate differences in target variables over time and between the 
groups, we used the general linear model (repeated measures with Greenhouse-Geiser 
test). The assumption of the general linear model that the distribution of the residual 
scores should be normal was checked by inspecting the distribution of the residuals 
using normal probability plots. The Spearman's rank correlation was used to investigate 
associations between continuous variables. SPSS software, Version 11.0, was used for all 
the analyses. 

allocated to placebo (n=19) 
received lacebo n=19  

- lost to follow up (n=1) 
disappeared 
- discontinued (n=1) 
blood transfusion 

analysed 
n=17  

assessed for  eligibility 
n=60 

randomised 
n=53 

allocated to 500 mcg (n=17) 
received 500 me (n=1 

- lost to follow up (n=0) 
- discontinued (n=3) 
P'fCA 
COPD exacerbation 
glycaemic disregulation 

analysed 
n=14 

Figure 1 .  CONSORT flo1v diagram. 

RES U LTS 

excluded (n=7): 
not meeting inclusion 
criteria 

allocated to 1000 mcg (n=1 7) 
received 1000 mcg (n=1 7) 

- lost to follow up (n=0) 
- discontinued (n=2) 
adverse effects 

analysed 
n=1 5  

Eligible participants were recruited from March 2002 to August 2002. Of  53  patients 
randomized, 1 patient was lost to follow-up (Figure 1 ), and all attempts to locate this 
subject were in vain (telephone contact, letters, and visits) . Six other subjects, one in the 
placebo group, three in the 500-µg group, and two in the 1 ,000-µg group, discontinued 
the study for the following reasons: one patient required a blood transfusion and was 
hospitalized, and three other patients were hospitalized due to percutaneous 
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transluminal coronary angioplasty, chronic obstructive pulmonary disease, and glycemic 
disregulation. Two patients discontinued the study due to possible adverse effects. Both 
patients were randomized in the 1,000-µg group. One patient complained of frequent 
watery stools, weakness, dizziness, nausea, and headaches. One day after the medication 
was discontinued, the complaints disappeared and remained absent for 1 week. The 
symptoms reappeared when the patient restarted the medication. The other patient 
developed complaints of vertigo with nausea and vomiting. This patient retired from the 
study and was not prepared to try stopping for 1 week and then restarting the 
medication. A total of 46 subjects, 17 in the placebo group, 14 in the 500-µg group, and 
15 in the 1,000-µg group were included in the analyses. 
The baseline characteristics of the three groups are shown in Table 1. All patients had a 
BMI >25 kg/m2 (means ± SD, 34 ± 5.2). 

Placebo 500 µg 
n 17 14 
Sex (male) 10 (59) 4 (29) 
Age (years) 62 ± 7.5 60 ± 8.8 
Diabetes duration (years) 18.4 ± 8.3 12.5 ± 5.0 
Total dose of insulin (units) 90 ± 26 105 ± 43 
A1C (%) 9.41 ± 1.01 9.43 ± 1.02 
Systolic blood pressure (mmHg) 159 ± 20 147 ± 24 
Diastolic blood pressure (mmHg) 83 ± 10 85 ± 10 
BMI (kg/m2) 34 ± 4.3 35 ± 7.2 
Total cholesterol (mmol/1) 5.00 ± 0.99 4.85 ± 0.75 
Total-to-HDL cholesterol ratio 4.50 ± 1.1 3.72 ± 1.40 
Triglycerides (mmol/1) 2.1 ± 1.2 2.0 ± 1.3 
HDL (mmol/1) 1.15 ± 0.26 1.47 ± 0.54 
LDL (mmol/1) 2.90 ± 1.02 2.50 ± 0.48 
Chromium (nmol/1) 10 15 (10-37) 
Data are means ± SD, n (% of known data) or median (P25,P75). 
Table 1. Baseline characteristics per intervention group. 

1,000 µg 
15 
5 (33) 
59 ± 6.4 
10.9 ± 6.3 
78 ± 22 
9.67 ± 0.91 
156 ± 25 
84 ± 14 
33 ± 4.2 
4.47 ± 0.85 
3.85 ± 1.29 
1.9 ± 1.1 
1.26 ± 0.40 
2.34 ± 0.75 
14 (10-32) 

Table 2 shows the changes in the variables per intervention after 6 months. No 
significant differences were found over time for the three groups. There was a 
significant difference in HDL levels between the groups. However, after correcting for 
baseline differences, this was lost. Also, when controlling for weight change and insulin 
dose adjustments, no significant differences were found for all variables. 
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Placebo 500 1,000 Change Change Change 
µt' µt' 500 µg vs. 1,000 µg vs. 1,000 µg 

placebo placebo vs. 500 µg 
n 17 14 15 
Total dose of -1.2 ± 1.8 ± 0.0 ± 3.0 (-2.1 1.2 (-3.7 to -1.8 (-7.1 
insulin (units) 7.3 5.2 3.1 to 8.1) 6.2) to 3.5) 
A1C (%) -0.3 ± -0.5 -0.3 -0.2 (-1.0 0.0 (-0.8 to 0.2 (-0.6 

0.8 ± 0.8 ± 0.8 to 0.6) 0.8) to 1.0) 
Systolic blood -7 ± 19 -7 ± -1 ± 0 (-17 to 6 (-10 to 6 (-11 to 
pressure 15 21 17) 22) 23) 
(mmHg) 
Diastolic blood -6 ± 7 -4 ± 0 ±  2 (-6 to 7 (-2 to 4 (-5 to 
pressure 11 11 11) 15) 1 3) 
(mmHg) 
BMI (kg/m2) 0.0 ± 0.2 ± 0.2 ± 0.2 (-0.7 0.3 (-0.5 to 0.1 (-0.8 

0.7 1.1 1.0 to 1.0) 1.1) to 1.0) 
Total cholesterol 0.2 ± -0.2 0.1 ± -0.4 (-1.2 -0.2 (-0.9 0.2 (-0.6 
(mmol/1) 1.2 ± 0.8 0.4 to 0.4) to 0.6) to 1.0) 
Total-to-HDL -0.3 ± -0.2 -0.3 0.2 (-0.3 0.0 (-0.5 to -0.2 (-0.7 
cholesterol ratio 0.4 ± 0.7 ± 0.5 to 0.7) 0.5) to 0.3) 
Triglycerides 1.0 ± -0.1 -0.2 -1,1 (-3.5 -1,2 (-3.5 0.0 (-2.5 
(mmol/1) 4.3 ± 0.9 ± 0.5 to 1.3) to 1.2) to 2.4) 
HDL (mmol/1) 0.1 ± -0.1 0.1 ± -0.2 (-0.3 0.0 (-0.1 to 0.2 (0.0-

0.1 ± 0.3 0.1 to 0.0) 0.2) 0.3) 
LDL (mmol/1) 0.3 ± -0.1 0.0 ± -0.3 (-1.4 -0.3 (-1.3 0.1 (-1.0 

0.7 ± 0.6 0.4 to 0.7) to 0.7) to 1.1) 
Chromium 0 16 ± 50 ± 16 (-4 to 49 (30-69) 33 (14--52) 
(nmol/l)t 16 28 36) 
Data are means ± SD within the group and mean differences between groups (95% CI) 
(Bonferroni corrected) .  
* Five hundred µg chromium and 1,000 µg chromium as chromiumpicolinate. 
t The chromium concentration increased above the detection limit in no patients in the 
placebo group. The chromium concentration increased above this limit in all patients in 
both intervention groups. 
Table 2. Changes per interoention group after 6 months. 

Table 3 shows a subgroup analysis of all the patients who showed an increase in their 
serum chromium concentration. This subgroup analysis was a post hoc analysis, being 
performed because of notably different serum chromium concentrations after 6 months. 
The correlation coefficients are shown for the difference in chromium concentration 
and the differences in the other parameters after 6 months. An increase in chromium 
concentration yields a trend toward improvement in lipid profile. This is significant after 
6 months for LDL, total cholesterol, and the total-to-HDL cholesterol ratio. 
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Parameters 0-6 months 

r p 

Ml C -0.020 0.920 
�Systolic blood pressure -0.003 0.989 
®iastolic blood pressure -0. 194 0.331 
�BMI -0. 108 0.598 
�Total cholesterol -0.456 0.01 7 
�Total-to-HDL cholesterol ratio -0.437 0.023 
� Triglyceride -0.353 0.071 
�HDL 0. 1 05 0.603 
&DL -0.397 0.040 
Table 3. Correlations between differences in chromium concentrations and differences in parameters efter 
6 months in chromium-treated patients (n = 29) 

D I S C U S S I O N  

Chromium picolinate treatment had no effect on weight, blood pressure, Al C, or lipid 
profile compared with placebo in this double-blind randomized, controlled trial of 6 
months in obese patients with poorly controlled type 2 diabetes in a Western society. 
Two patients stopped the study medication of 1 ,000 µg chromium picolinate per day 
due to adverse effects. In a post hoc analysis, we did find a relationship between 
increase in chromium concentration in blood and improvements in lipid profile. After 6 
months, LDL, total-to-HDL cholesterol ratio, and total cholesterol showed significant 
improvement. 
We were not able to reproduce the results of Anderson et al. (5). Their study was not 
included in the systematic reviews described earlier (6,7), in which no effects of 
chromium on glycemic control was found. Anderson's study was performed in a large 
cohort (n = 1 80) of Chinese patients with type 2 diabetes and showed a decrease of 
almost 2% in Al C levels after a period of 4 months. After the systematic reviews, a 
randomized controlled trial (1 3) with chromium was published that reported significant 
results. This study population consisted of Indian patients with type 2 diabetes. A 1 C 
increased from 7.2 to 7.9% in the placebo group, whereas in the group treated with 400 
µg chromium picolinate it remained 7 .2%. Anderson et al. did not report any side 
effects for 1 ,000 µg chromium picolinate per day and neither did other randomized 
controlled trials. 
A possible explanation for the absence of a significant difference between the treatment 
group and the placebo group may be that the 1 % decrease in A 1 C in our power 
calculation was an overestimate ( despite the fact that it is half the decrease in A 1 C found 
by Anderson et al.). Another reason may be that our population was less chromium 
deficient compared with the Chinese population of Anderson et al. and that our 
population was far more obese (BMI 34 vs. 25 kg/m2) (5) . Unfortunately, there is still 
no real standard for chromium deficiency, and as such it is not possible to select patients 
on this basis (14) .  Western diabetic patients may require higher quantities of chromium, 
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or may need it for a longer period of time, compared with Chinese diabetic patients. 
Unfortunately, intention-to-treat analyses were not possible because for five of six 
excluded patients follow-up data were lacking. However, the main conclusions of the 
per-protocol analyses would likely not have been different in an intention-to-treat 
analyses. We have to point out however, that our results may not be applicable to every 
Western patient with type 2 diabetes, since we only included poorly controlled patients 
who needed large quantities of insulin. Another limitation of our study is the lack of a 
pill count. However, the chromium concentration of every patient treated with 500 and 
1,000 µg chromium increased, which was not the case in any of the patients in the 
placebo group. Furthermore, we did not investigate the patients' usual dietary intake of 
chromium. We were therefore not able to investigate possible different effects between 
patients with poor or an adequate intake of chromium. 
Based on our results, there is no convincing evidence that chromium therapy in an 
obese Western diabetic population will improve glycemic regulation or the parameters 
of the insulin resistance syndrome (6). Treatment with chromium had no effect on these 
parameters in patients with poorly controlled type 2 diabetes. Therefore, it would be 
premature to recommend using chromium as a part of standard diabetes therapy (15). 
Although found in a post hoc analysis, it is of interest that an increasing chromium 
concentration was related to an improvement in the lipid profile. Further independent 
(larger-designed) studies may be necessary to further investigate the possible effects of 
chromium supplementation on glycemic control or lipid profile in Western populations. 
Whether it is possible to select subgroups of patients with suitable certain phenotypes 
that may or may not benefit from chromium therapy also needs further attention (16). 
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A B S T R A C T  

Objective 

Chromium treatment has been reported to improve glycemic control in patients with 
type 2 diabetes. However, concern exists about the possible toxic effects of chromium 
picolinate. The aim of this study was to determine the effect of chromium treatment in 
the form of chromium yeast on glycemic control in a Western population of patients 
with type 2 diabetes who were being treated with oral hypoglycemic agents. 

Methods 

In this 6-month, double-blind study, patients with moderate glycemic control, being 
treated with oral hypoglycemic agents, were randomly assigned to receive either a 
placebo or treatment with 400 µg of chromium daily in the form of chromium yeast. 
The primary efficacy parameter was a change in A 1 C. Secondary end points were 
changes in lipid profile, BMI, blood pressure, body fat, and insulin resistance. 

Results 

No differences were found for the change in A1C between the intervention and placebo 
groups, nor were any differences found between the groups for the secondary end 
points. 

Conclusions 

There is no evidence that chromium in the form of chromium yeast is effective in 
improving glycemic control in Western patients with type 2 diabetes who are taking oral 
hypoglycemic agents. 
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I N T R O D U C T I O N  

Type 2 diabetes is a chronic, progressive illness that causes considerable morbidity and 
premature mortality (1,2). The worldwide prevalence of type 2 diabetes is high and is 
increasing steadily (3). The majority of patients are insulin resistant (4). Although these 
patients may be treated with well-established hypoglycemic agents, studying alternative 
treatment options directed toward improving insulin sensitivity is important. 
For many decades, we have known that chromium plays a role in glucose metabolism, 
and, as early as 1957, it was already being referred to as "a glucose tolerance factor" (5). 
In vitro and animal studies have shown that chromium improves insulin resistance (6,7). 
One of the intracellular proteins that influences the insulin receptor is the oligopeptide 
apolipoprotein low-molecular weight chromium-binding substance (Apo
chromomodulin) (7). This peptide has the ability to increase tyrosine kinase activity 
eightfold, depending on the chromium concentration (8), thus strengthening the idea 
that chromium plays an influential role in glucose metabolism (5). 
The largest study (n = 180) to date investigating the effect of chromium in patients with 
type 2 diabetes was published by Anderson et al. (9). They found that the A1C of 
Chinese patients treated with 1,000 µg of chromium in the form of chromium picolinate 
decreased almost 2 percentage points compared with a placebo group after 4 months. 
However, two systematic reviews that addressed the effects of chromium on glycemic 
control concluded that, on the basis of the currently available data, the effects of 
chromium on glycemic control are inconclusive (10,11). Randomized studies with 
results on glucose, insulin, and/ or A 1 C were collected by Althuis et al. (10) in their 
review. Reasons for the inconclusive findings are that too few trials in patients with 
diabetes have been conducted to allow conclusive findings (three trials with a total of 38 
subjects). 
Furthermore, in recent years, the safety of chromium supplements has been called into 
question because of mixed results in studies investigating the mutagenicity of chromium 
picolinate in vitro (12-14). Although toxic effects were reported in neither the 
systematic reviews (10,11) nor in the study of Anderson et al. (9), chromium picolinate 
was banned by the Food Standards Agency until December 2004 (15). This meant that 
investigations into the effects of chromium compounds on type 2 diabetes had to 
involve compounds other than chromium picolinate. Some studies, in which the effects 
of chromium-enriched yeast in nondiabetic patients were investigated, showed mixed 
results (16-19). Bahijri et al. (20) investigated the effects of different forms of chromium 
with a double-blind cross-over design and concluded that fasting glucose in patients 
with type 2 diabetes improved after 8 weeks of daily dietary supplementation with 
brewer's yeast containing 23.2 µg of chromium. We performed a double-blind, 
randomized, placebo-controlled study to investigate the effects of chromium in the 
form of chromium yeast (Saccharomyces cerevisiae) on glycemic control, insulin 
resistance, and factors associated with the metabolic syndrome in subjects with type 2 
diabetes in a Wes tern population. 
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M E T H O D S  

Using our local Diabetes Electronic Management System, we selected patients with type 
2 diabetes from a vi llage in the Zwolle region in the northern Netherlands who met the 
following eligibility criteria: A1C 7-8.5% as measured during their latest visit, treatment 
with oral hypoglycemic agents only, no change in treatment during the preceding 3 
months, creatinine ::S150 µmol/1 for men and ::S120 µmol/1 for women, creatinine 
clearance 2::50 ml/min, and alanine aminotransferase (ALT) ::S90 units/I. Exclusion 
criteria included pregnancy (including patients who were trying to conceive), known 
allergy or intolerance to yeast, and current use of chromium supplements. 
In five general practices in a village in the region of Zwolle, 63 patients had a A1C of 7-
8.5%, with a mean ± SD of 7.7 ± 0.44%. To test our hypothesis that chromium causes a 
0.5% absolute reduction in A1C (primary outcome measure), with a power of 95% and 
C( of 0.05, two-tailed; a sample size of 22 per group would be required (assuming a 
correlation of 0.5 between pretest and posttest). To compensate for nonevaluable 
patients, we planned to enroll 30 patients per group. The secondary outcome measures 
were changes in lipid profile, body weight, blood pressure, body fat, and insulin 
resistance. After the potential participants had been informed about the study by their 
attending general practitioner and by mail, the researchers contacted each candidate 
patient by telephone, at home, and asked whether they would be willing to participate. 
Patients were included after written informed consent was obtained. This study was 
approved by the Medical Ethics Committee of the Isala Clinics, Zwolle, Netherlands. 
The study was carried out in a general practice in the Zwolle region. One patient, who 
initially had agreed to participate in the study, later refused to participate. Two patients 
were not randomly assigned because they did not meet the eligibility criteria (both 
creatinine clearances <50 ml/ min). Figure 1 shows the Consolidated Standards of 
Reporting Trials (CONSORT) flow diagram (21). A total of 57 patients were randomly 
assigned into the following two groups: one group was given two placebo tablets twice 
daily (n = 28) and one group received two tablets of 100 µg of chromium yeast twice 
daily (n = 29); 56 patients completed the study, which lasted 6 months. 
The study participants were asked not to make any lifestyle changes. No changes were 
made in cholesterol-reducing and blood pressure-lowering agents during the study. 
Adjustments were made to the oral hypoglycemic agents only when patients developed 
complaints relating to hypoglycemia or symptomatic hyperglycemia. 
All of the study medications, including the placebo, were supplied by Pharma Nord 
(Sadelmagenrej, Vejle, Denmark) and were indistinguishable from each other. The 
researchers did not know into which group the patients had been randomly assigned nor 
did the patients. The drug packages were labeled with a randomization code by the 
pharmacy. No restrictions were used. The code was only revealed to the researchers 
once recruitment, data collection, and laboratory analyses were complete. The patients 
were instructed to take two tablets with breakfast and two with the evening meal. If the 
patients developed any side effects, they were requested to stop taking the study 
medication for 1 week and then to resume. 
At baseline, we recorded the duration of the type 2 diabetes and any medication( s) the 
patients were taking. The patients were weighed with clothing on but without shoes. 
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Height was measured without shoes. Blood pressure was measured after the patient had 
been sitting for a minimum of 5 min. Blood pressure was measured twice on each arm 
with a minimal interval of 15 s between successive measurements. The mean for each 
arm was calculated. When there was an interarm difference of > 10 mmHg between the 
systolic and/ or diastolic blood pressures, the follow-up measurements were continued 
on the arm with the higher blood pressure. When the difference was less, an arbitrary 
arm was taken for the next measurements. The validated automated blood pressure 
device Omron HEM-711 was used (22). We used the validated Omron HBF-306-E to 
estimate the patients' body fat percentages and used the mean of two consecutive 
measurements (23). 
Serum creatinine, hemoglobin, ALT, A1C, fasting plasma glucose, serum total 
cholesterol, LDL, HDL, triglycerides, and fasting insulin were measured according to 
the standard hospital procedures of the Isala clinics. A 24-h urine sample was collected, 
and volume, creatinine, and albumin were measured. We used the homeostasis model 
assessment to estimate insulin resistance (HOMA-IR) (24). 
Hemoglobin and A1C were measured at 3 months. At 6 months, all of the assessments 
done at baseline were repeated with the exception of height. Any reported side effects 
were recorded at 3 and at 6 months. 
At 1 month (telephone contact), 3 months, and 6 months, we asked patients how they 
were faring with the study medication to check and stimulate compliance. At 3 and 6 
months, all remaining tablets were collected and counted. At 6 months, we asked the 
patients to guess into which group they had been assigned. If the study was successfully 
blinded, the ability of participants to accurately guess their group assignment should not 
be better than chance. 
In the intention-to-protocol analyses, patients were excluded when the pill count was 
<90%. Furthermore, patients were excluded from intention-to-protocol analyses for 
glycemic, blood pressure, and/ or lipid parameters if any change had been made in 
hypoglycemic, antihypertensive, and/ or lipid-lowering drugs, respectively. 

Statistical analyses 
A CONSORT diagram was used for this study as presented in Fig. 1 (21). The Mann
Whitney U test was used for non-normal variables, and the x2 test was applied to 
categorical variables. To evaluate differences in target variables over time and between 
the groups, we used the general linear model (GLM). For variables measured at baseline, 
after 3 and after 6 months the GLM repeated measures with the Greenhouse-Geiser test 
was used; the three variables were used as within-subject variables and randomization to 
chromium or placebo was used as a between-subjects factor. For variables measured at 
baseline and after 6 months, we used the GLM univariate with change in variable over 6 
months as the dependent variable and randomization to chromium or placebo as the 
fixed factor. In both the GLM repeated measures and the univariate, the baseline value 
was set as the covariate. SPSS software (version 11.0; SPSS, Chicago, IL) was used for 
all the analyses. 
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assessed for eligibility 
n=60 

excluded (n=3) : 
- not meeting inclusion 
criteria (n=2) 

allocated and received 
intervention lacebo n=28) 

lost to follow-up (n=O) 
discontinued intervention 
(n= l) :  
- adverse effect 

analyzed (n=28) 
excluded from anal 1sis (n=O) 

Figttre 1. CONSORT flow diagram. 

R E S U L T S  

randomized 
n=57 

- refused to participate (n= l) 

allocated and received 
intervention chromium (n=29) 

lost to follow-up (n= l) :  
- cerebrovascular accident 
discontinued intervention 
(n= l) :  
- adverse effect 

analyzed (n=28) 
excluded from analysis (n=O) 

Eligible participants were recruited in August 2004. Of the 57 patients who were 
randomly assigned, 1 patient did not complete the study (Figure 1) because of a 
cerebrovascular accident (intervention group). 
Two patients experienced adverse effects. One patient in the intervention group 
complained of nausea, which disappeared when the medication was stopped and 
reappeared after restart. One patient in the control group complained of nonspecific 
stomach problems, which disappeared during cessation of medication and reappeared 
after restart. 
Table 1 shows the baseline characteristics of the patients. Random assignment was 
successful, as two comparable groups resulted for most variables. Diabetes duration, 
fasting plasma glucose, and HOMA-IR appear to be longer or higher, respectively, in 
the chromium group. 
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Placebo 
n 28 
Sex (male) 17  (49) 
Age (years) 66 ± 8.6 
Diabetes duration (years) 4.5 (2.0,9.5) 
Body weight (kg) 87 ± 17  
BMI (kg/m2) 30 ± 5.6 
Body fat (%) 34 ± 7.7 
Systolic blood pressure (mmHg) 153 ± 19  
Diastolic blood pressure (mmHg) 88 ± 10  
Hemoglobin (mmol/1) 8.8 ± 0.7 
ALT (units/I) 30 ± 16  
Creatinine (µmol/1) 97 ± 16  
Creatinine clearance (ml/ min) 88 ± 24 
Albuminuria (mg/24 h) 4.44 (3.00,29. 13) 
Fasting plasma glucose (mmol/1) 8.0 ± 1 .8 
A1C (%) 7.01 ± 0.50 
Total cholesterol (mmol/1) 4.60 ± 1 .34 
Cholesterol-to-HDL ratio 3.70 ± 1 .25 
Triglycerides (mmol/1) 1 .46 (0.91 ,2.34) 
HDL (mmol/1) 1 .31 ± 0.38 
LDL (mmol/1) 2.50 ± 0.95 
HOMA-IR (units) 3.8 (2.7,5.5) 
Data are means ± SD, n (% of known data), or median (P25,P75). 
Table 1. Baseline characteristics per intervention group 

Chromium 
29 
18 (51) 
68 ± 8.2 
6.0 (4.0,10.0) 
88 ± 20 
30 ± 5.9 
34 ± 7.8 
151 ± 20 
88 ± 13  
8.7 ± 0.8 
34 ± 18  
95 ± 18  
97 ± 36 
4.9 (3.00,17.00) 
8.7 ± 2.3 
6.92 ± 0.67 
4.46 ± 1 . 15  
3.68 ± 1 . 14  
1 .  70 (1 . 1 1 ,2.10) 
1 .28 ± 0.36 
2.42 ± 1 .01 
5.8 (2.7,8.9) 

The percentage of medication used was calculated and compared with the expected 
percentage in subjects with 100% compliance (25,26) . The mean percentage in the 
chromium group was 93. 1 (median [25-75%] 95.5 [91 . 1-98.2] ), and the mean 
percentage in the placebo group was 94.4 (97.3 [92.3-98.1]). This difference was not 
significant (P = 0.606). Three patients in the placebo group and four in the chromium 
group did not reach a minimum pill count of 90%. No explanation for this stoppage 
was found for two patients (one in each group) . For the other patients, the reasons were 
stopping during a hospital stay (n = 2), stopping during a flu period (n = 2), and taking 
one tablet twice daily for a brief time by mistake (n = 1). Two patients (one in each 
group) started insulin therapy during the study. The different intention-to-protocol 
analyses did not result in any significant difference between the placebo and chromium
treated groups (data not shown). 
Table 2 shows the changes in the variables per intervention after 6 months. No 
significant differences were found over time between the two groups for fasting plasma 
glucose levels, A1C, blood pressure, body fat percentage, weight, lipid profile, and 
insulin resistance. Also after 3 months, there was no significant difference in A 1 C 
between the chromium and placebo groups (0.03% [95% CI -0. 19  to 0.25]) .  After 3 and 
6 months, hemoglobin remained the same in both groups. 
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Placebo 400 µg Change p 
( corrected for value 
baseline) 
400 µg vs. 
placebo 

n 28 28 
Fasting plasma glucose 0.7 ± 1.7 0.9 ± 2.3 0.5 0.31 1 
(mmol/1) (-0.5 to 1 .5) 
A1C (%) 0.26 ± 0.47 0.51 ± 0.64 0.24 0. 1 61 

(-0.06 to 0.54) 
Systolic blood pressure 9 ± 15  6 ± 17 -3 0.490 
(mmHg) (-12 to 6) 
Diastolic blood pressure 3 ± 8  0 ± 9  -3 0.1 95 
(mmHg) (-7 to 2) 
Body fat (%) 0.2 ± 2.6 -0. 1 ± 1 .4 -0.3 0.569 

(-1 .5 to 0.8) 
BMI (kg/m2) 0.4 ± 0.9 0.1 ± 0.8 -0.3 0.226 

(-0.8 to 0.2) 
Total cholesterol 0.23 ± 0.64 0.46 ± 0.42 0.23 0. 128 
(mmol/1) (-0.07 to 0.52) 
Cholesterol-to-HDL ratio -0. 1 1  ± 0.52 -0. 1 1 ± 0.64 -0.01 0.964 

(-0.29 to 0.28) 
Triglycerides (mmol/1) 0.13  ± 0.68 0.03 ± 0.49 -0.10 0.526 

(-0.42 to 0.22) 
HDL (mmol/1) 0.1 1  ± 0.15  0.14  ± 0. 1 8  0.03 0.536 

(-0.06 to 0. 12) 
LDL (mmol/1) 0.06 ± 0.63 0.31 ± 0.4 0.25 0.087 

(-0.04 to 0.52) 
HOMA-IR (units) 1 .9 ± 4.7 -0.4 ± 4.7 - 1 .3 0.293 

(-3.7 to 1 . 1 )  
Data are means ± SD within the group and mean differences between groups (95% CI). 
Table 2. Changes per inte17Jention group after 6 months 

Twenty-five of the 56 patients (45%) had no idea into which group they had been 
randomly assigned; 1 7 patients, 8 of whom were correct, thought that they had been 
randomly assigned into the chromium treatment group; and 8 of 14  patients correctly 
guessed that they had been randomly assigned into the placebo group. These results are 
not higher than would be obtained by chance (P = 0.591) .  

D I S C U S S I O N  

Chromium yeast treatment had no effect on A1C, weight, blood pressure, insulin 
resistance, body fat, and lipid profile compared with placebo in this 6-month, double
blinded, randomized, controlled trial, in patients with moderately controlled type 2 
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diabetes in a Western society. Two patients stopped the study medication because of 
adverse effects, one in the placebo group because of stomach problems and one in the 
chromium yeast group because of nausea. 
The results of this study agree with the results of two systematic reviews that examined 
the effects of chromium on glycemic control (10,11). After the publication of the review 
conducted by Althuis et al. (10), results of five randomized controlled trials examining 
the effects of chromium on glycemic control were published. The first study was 
conducted in Indian patients with type 2 diabetes (27). It reported that A1C worsened in 
the placebo group compared with the group treated with 400 µg of chromium picolinate 
(+0.7%). A1C remained stable in the treatment group (27). In the second study, in 
patients with impaired glucose tolerance, treatment with 800 µg of chromium picolinate 
was not found to have any beneficial effect on glycemic control (28). The third study 
was our previous randomized controlled trial examining the effects of treatment with 
500 and 1,000 µg of chromium picolinate in patients with poorly controlled insulin
treated type 2 diabetes. No improvement in glycemic control was seen after 6 months of 
therapy (29). In the fourth study, in patients with poorly controlled diabetes treated with 
sulfonylureas, a decrease of 0. 7 percentage point was found in the group treated with 
1,000 µg of chromium picolinate compared with placebo after 24 weeks of therapy (30). 
In the fifth study, in Czech patients with type 2 diabetes, a lower fasting glucose level 
was seen in the group treated with 400 µg of chromium in the form of chromium yeast 
after 12 weeks; however, no change in A1C was found (19). 

A limitation of our study is that we selected patients on the basis of an A1C 
measurement during a previous visit to the local general practitioner or practice nurse. 
Although no hypoglycemic medication was changed in the 3 months preceding this 
study, it is notable that the baseline Al C values in both groups are relatively low. Also, 
the SD for Al C was larger than that in our power calculation. However, with a SD of 
0.59 (the SD for change in A1C was 0.57) in our study, it would still leave a high power 
of 93% to detect a 0.5 difference in A1C in 28 subjects per group. Another limitation 
was the inability to select patients on the basis of chromium deficiency, as there is still 
no real standard for chromium status (20). As a result, it is possible that we gave 
chromium to subjects with a (relatively) normal chromium status. Furthermore, the 
duration of this study was only 6 months. 

There is no evidence that chromium therapy in a Western population with diabetes who 
are being treated with oral hypoglycemic agents will improve glycemic regulation or 
parameters associated with the insulin resistance syndrome, apart from one small study 
in patients with poorly controlled type 2 diabetes, who were taking sulfonylureas (30). 
Therefore, there seems to be no reason for recommend the use of chromium as a 
standard part of diabetes therapy (31). 
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With interest, we read the systematic review by Balk et al. (1). It reviewed the effect of 
chromium supplementation on glucose metabolism and lipids. It is important to have an 
update of the systematic review performed by Althuis et al. (2) in 2002, since many 
studies have been published in the years thereafter. 
However, we have some concerns with the conclusions of the current systematic review 
(1). Althuis et al. (2) excluded the study of Anderson et al. (3), performed in China, in 
their meta-analysis because this study caused heterogeneity problems. Furthermore, this 
study, which was rated by Balk et al. (1) as being of poor quality, has by far the most 
beneficial effects on A1C compared with all other studies. We cannot assess the effects, 
as they were found by combining the results of the studies with the methodological 
qualification of "good" in the subanalysis. We guess from Fig. 1 that this effect is about 
0.2%, which, if significant, would not be very relevant. 
Also, it would have been informative to know whether Balk et al. have performed 
subanalyses of Western and non-Western patients, as it seems that the beneficial effects 
on A1C are for the most part found in studies in non-Western countries. The possibly 
modest effect on A 1 C in the studies qualified as "good" is, to the greatest extent, caused 
by a study conducted in India. 
Balk et al. themselves are quite rightly cautious in their conclusion that the poorer the 
quality of the trial the greater the effect was on A1C. However, in the article and 
abstract, it is stated that chromium supplementation improves Al C with 0.6%, which 
they again nuanced. In our opinion, the conclusion should rather be that chromium has 
no (relevant) effect on A1C, especially not in Western patients with type 2 diabetes, 
which was also the conclusion of our randomized, double-blind, placebo-controlled trial 
with 400 µg chromium (yeast) (4). 
Instead of more of the same randomized controlled trials, future research should focus 
on how to determine which patients are chromium deficient. Unfortunately, there is still 
not a good tool to define chromium status in an individual. 
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A BSTRACT 

Objective 
To identify published studies evaluating the effects of cinnamon on glycemic control. 

Design 
Literature review. 

Method 
The Med.line database was searched using all possible combinations of the words and 
medical subject headings (MeSH) "cinnamon", "diabetes mellitus", "HbA1c" and 
"glucose". All human or animal studies in which cinnamon was administered as an 
intervention were included. 

Results 
Several animal studies and 5 randomized placebo controlled trials in humans were 
found. Most of the animal studies described beneficial effects of cinnamon on glycemic 
control. One placebo-controlled trial in patients with type 2 diabetes found that 
cinnamon intake was associated with favourable effects on fasting plasma glucose. None 
of the studies reported an improvement in HbA 1 c. A study in patients with type 1 
diabetes found that cinnamon had no effect. 

Conclusion 
Based on the currently available evidence, cinnamon should not be recommended for 
the improvement of glycemic control. 
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INTRODUCTION 

In December of 2003, a randomized study was published in Diabetes Care regarding the 
beneficial effects of cinnamon on glycemic regulation in patients with diabetes mellitus 
type 2 (DM2) (1). Since that time, cinnamon supplements have received a lot of 
attention, also from caregivers. 

The history of cinnamon 

Cinnamon has long been recognized as having certain medicinal properties. Historically, 
cinnamon has been used to treat gastrointestinal symptoms and diabetes mellitus among 
other things (2). 
As early as 2000 BC, cinnamon was being imported from China by the Egyptians as 
both a medication and a spice. It was also used in Roman times: Emperor Nero burned 
a year's supply of cinnamon during his wife's funeral to win the favor of the gods (3). 
During the middle ages, owning spices was a status symbol, and cinnamon was used as a 
cough medicine and for the treatment of gastrointestinal complaints. It was also used to 
mask the odor of rotting meat (4). During colonial times, Ceylon (now Sri Lanka), with 
its native cinnamon trees, was originally in the hands of the Portuguese. In the middle of 
the 17th century, this area was claimed by the Dutch East India Company, after which 
they had a virtual world wide monopoly on the cinnamon trade (5). Current processing 
techniques are still based on techniques developed by the Dutch during that time (6). 

Rationale for cinnamon's effectiveness in the treatment of diabetes 

It is not entirely clear where cinnamon affects the glucose metabolism pathway. Several 
of the components of cinnamon may play a role. 
Methylhydroxychalcone polymer stimulates the autophosphorylation of insulin 
receptors, thereby causing increased glucose uptake by the cell. At the same time, it 
causes an increase in the activity of the enzyme glycogen synthetase (7). As a result, 
these mechanisms lower blood glucose levels. Furthermore, methylhydroxy
chalconpolymer may work synergistically with insulin. 
Activation of the insulin receptor kinase enzyme may also explain cinnamon's possible 
effect of lowering blood glucose levels (8). Several in vitro studies have demonstrated an 
insulin mimetic effect for cinnamon or cinnamon extract (9-12). Another study, 
however, showed an antagonistic interaction between cinnamon and insulin (13). 
We decided to perform a systematic literature review to further understand cinnamon 
and its effects on glucose metabolism. We looked for randomized studies and systematic 
reviews in which the effects of cinnamon on glycemic regulation (blood glucose levels 
and glycosylated hemoglobin (HbA1c)) were studied in humans and animals, with or 
without diabetes. 

METHOD 

Two of the authors (NK and SJJL) performed a key word Medline search using all 
possible combinations and permutations of the words and "medical subject heading" 
(MeSH) terms: "cinnamon", "diabetes mellitus", "HbA1c" and "glucose" (table 1). 
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(("Cinnamomum zeylanicum" [MeSH]) OR (cinnamo*)) AND ((("Diabetes 
Mellitus"[MeSH]) OR (diabete* OR diabeti*)) OR (("Hemoglobin A, 
Glycosylated" [MeSH]) OR (Glycohemoglobin A OR Hb A1a+b OR Hb Ale OR 
HbA1 OR Hb A1 OR Hemoglobin A AND (1) OR Glycosylated Hemoglobin A OR 
Hb A1a-2 OR Hemoglobin, Glycosylated OR Glycosylated Hemoglobin OR Glycated 
Hemoglobins OR Hemoglobins, Glycated OR Hemoglobin, Glycosylated A1a-1 OR 
A1a-1 Hemoglobin, Glycosylated OR Glycosylated A1a-1 Hemoglobin OR 
Hemoglobin, Glycosylated Ala 1 OR Hb A1a-1 OR Hemoglobin, Glycosylated Alb 
OR Alb Hemoglobin, Glycosylated OR Glycosylated Alb Hemoglobin OR Hb Alb)) 
OR (("Glucose" [MeSH]) OR (glucose*))) 
MeSH = "medical subject heading" 
Table 1. Medline search parameters for articles about the effect of cinnamon on glucose metabolism 

All Medline articles from before April 17, 2007 were included in the search parameters. 
The articles concerning humans and animals receiving cinnamon as an intervention were 
included in our review. For the human studies, information was collected about the 
study design (randomization, control group, placebo group, blinding), the population 
(diagnosis: diabetes mellitus type 1 or 2, other medical condition, number of patients), 
the intervention (duration and dosage of cinnamon administration), and the results 
(fasting glucose levels and HbA1c concentration). 
The two authors doing the literature search ended up with the same list of human trials, 
but differed by a single study for animal trials. This study, after some discussion, was 
included (14). 

RESULTS 

Eighty four articles satisfied the initial search parameters. 19 articles satisfied our search 
criteria after a review of the titles and, when necessary, the abstracts. No single 
systematic review article was found. Five articles described placebo controlled 
intervention studies with humans (1,15-18). The remaining 14 articles reported in vitro 
or in vivo studies using rats and mice. 

Animal studies 

Improved insulin sensitivity was generally reported in the animal studies (9-12, 19) along 
with a decrease in blood glucose levels following the administration of cinnamon or 
cinnamon extract (9,11,13,20-23), with the exception of 2 studies (14,24). The effects 
observed were dose dependent (21). One study even showed a decrease in HbA1c 
concentration (23). Roffey et al., however, reported that blood glucose values increased 
with dosage when cinnamon was administered together with insulin (13). The effects on 
insulin concentrations were not univocal (20,22-24). 
Streptozotocine destroys the beta cells in the pancreas, and is regularly used by 
researchers to induce diabetes in mice. Kwon et al. compared two groups of mice. The 
intervention group received cinnamon for one week prior to the administration of the 
streptozotocine. These mice did not develop diabetes. The mice in the control group, 
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which did not receive cinnamon prior to the streptozotocine, did develop diabetes (25). 
Cinnamon may therefore have a protective effect on the beta cells and may play a role in 
the prevention of diabetes and in avoiding progression of established diabetes. 
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Human studies 
Study Research Details Duration Research Outcome Finding 

of Study Groups Parameter 

1 st author; country Diagnosis, Number of Intervention Control group Interventio Control Difference 
therapy, subjects (total daily dose) n between 
type of (intervention/ intervention 
patient control) & control 

Khan 2003; DMZ 30 I 30 40 days Cinnamon Placebo (flour) 
Pakistan (1) SU- 0.5 g 2 dd (1 g) 1 capsule 2 dd Fasting glucose 1 1 .6 ➔ 8.7§ 12.2 ➔ 12.4 -3.1 

derivatives, 1 .5 g 2 dd (3 g) 2 capsules 2 dd Fasting glucose 1 1 .4 ➔ 9.4§ 12.4 ➔ 12.7 -2.3 
no insulin 3.0 g 2 dd (6 g) 6 capsules 2 dd Fasting glucose 13.0 ➔ 9.2§ 1 6.7 ➔ 16.8 -3.9 

Mang 2006; DMZ 33 I 32 4 months Cinnamon Placebo (cellulose) HbA1c 6.9 ➔ 6.8 6.7 ➔ 6.7 -0.1 
Germany (16) No insulin extract 1 capsule 3 dd Fasting glucose 9.3➔ 8.2§ 8.7 ➔ 8.3 -0.7§ 

1 1 2  mg 3 dd 
336 m 

Vanschoonbeek DMZ 12 I 13 6 weeks Cinnamon Placebo (flour) HbA1c 7.4 ➔ 7.5 7.1 ➔ 7.2 0.0 
2006; The No insulin 0.5 g 3 dd (1 .5 g) 0.5 g 3 dd Fasting glucose 8.4 ➔ 7.9 8.3 ➔ 8.1 -0.3 
Netherlands (17) Post 

menopausal 
women 

Wang 2007; PCOS 14/14,J 8 weeks Cinnamon Placebo (not Fasting glucose 5.3 ➔ 4.4§ 5.1 ➔ 4.7§ -0.5 
The United States No diabetes extract specified) 
15  1 /da 

Altschuler 2007; DM1 28 / 29 3 months Cinnamon Placebo (lactose) HbA1c 8.4 ➔ 8.8 8.7 ➔ 8.7 0.3 
The United States 13-1 8 years 1 g 1 dd (1 g) 
1 8  old 

DM2 = Diabetes mellitus type 2; SU = sulfonylureum; PCOS = polycystic ovary syndrome; DM1 = diabetes mellitus type 1 .  
*HbA1c i n  % ;  glucose in mmol/1. The averages have been rounded off. 
tNone of the studies showed these differences; these are uncorrected differences between the intervention and control groups. 
:j:The duration of the study was 60 days, cinnamon was taken for 40 days. 
§Significance P<0.05. 

I I 336 mg of cinnamon extract corresponds to 3 g of cinnamon powder. 

,rThe patients functioned as their own controls. 

Table 2. Overoie1v ef the randomized placebo controlled studies ef cinnamon in humans 



Khan et al. looked at the effect of cinnamon on glycemic regulation in patients with 
DM2 in Pakistan (1). All of the patients in this study were taking glibenclamide but no 
insulin. They were all older than 40 years and were included if they had a fasting plasma 
glucose level between 7.8 and 22.2 mmol/1. No placebo controlled analyses of changes 
in blood glucose levels in the different intervention groups were done or reported. The 
patients in all the intervention groups showed a lowering of the blood glucose levels and 
an improvement in levels of triglycerides, total cholesterol, and LDL cholesterol. The 
values for HDL cholesterol did not show significant change. HbA1c concentrations 
were not reported. 
In a German study, the researchers investigated the effects of administering cinnamon 
to patients with DM2 who were only being treated with diet and oral glucose lowering 
agents (16). The fasting plasma glucose levels decreased significantly more in this group 
than in the placebo group. The HbA1c concentration and the lipid levels remained 
unaffected in both groups. 
The effect of cinnamon administration in 25 post-menopausal women with DM2 was 
studied in the Netherlands. The only pre-study therapy consisted of diet and oral 
glucose reducing agents (17). No differences were seen between the intervention and 
control groups with respect to fasting blood glucose levels, HbA 1 c concentration, lipid 
profile, insulin resistance, and insulin sensitivity. 
The effect of taking cinnamon was investigated in women with polycystic ovary 
syndrome (PCOS) in an American study for which only the abstract was available at the 
time of our literature search (15). PCOS is characterized by the presence of an increased 
resistance to insulin and an increased risk of developing DM2 (26). The average age of 
the study participants was 31 years. The fasting plasma glucose levels decreased in both 
the intervention and control groups. No placebo controlled analysis was performed. 
In a recently published American study, the effects of cinnamon in patients with type 1 
diabetes mellitus (DM1) was studied (18) .  The patients were from 13 to 18 years old. 
Each day, the patients received a capsule containing either cinnamon or a placebo; no 
other changes were made to the way their diabetes was being treated. After three 
months, no effect was seen on HbA1c concentration, insulin requirements, or the 
frequency of hypoglycemic events. 

Adverse effects 

Theoretically, cinnamon could cause a number of adverse effects. Coumarin and 
essential oils are two of the components which make up cinnamon. Natural coumarin 
may have an effect on blood clotting (27,28). The essential oils in cinnamon may cause 
allergic reactions (29,30). Cinnamon extract generally contains less of these two 
components than pure cinnamon. 
One patient in one of the studies developed urticaria after taking cinnamon (18) . Upon 
further investigation it was discovered that more members of this patient's family were 
allergic to cinnamon. Certain components of cinnamon have been shown to have both 
teratogenic and carcinogenic effects in animal studies and in case reports (31-33). The 
German federal Institute for Risk Assessment (BfR.) stated in a 2006 report that health 
risks as the result of ingesting high daily doses of cinnamon could not be ruled out. 
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(http://www.bfr.bund.de/cm/245/high_daily_intakes_of_cinnamon_health_risk_cann 
ot_be_ruled_out. pdf). 

D I S C U S S I O N  

Improvements in diabetes parameters as the result of the administration of cinnamon 
have been reported in several animal studies. However, when similar studies were done 
with humans, these results were generally not duplicated. In two studies of patients with 
DM2 and one study of patients with polycystic ovary syndrome an improvement in the 
fasting blood glucose levels was seen (1 , 16) ,  but when compared to placebo, the effect 
remained in only a single study. This study showed an average decrease in the plasma 
glucose levels of -1 . 1 1  mmol/1 in the treatment group versus -0.35 mmol/1 in the 
placebo group (p=0.038) (1 6) . Cinnamon was found to have no effect in one study of 
patients with type 1 diabetes mellitus (1 8) . None of the human studies reported a 
positive effect on HbA1 c concentrations as a result of cinnamon intake. 
HbA1 c is the indicator of choice for evaluating glycemic regulation. It is the only 
indicator which correlates with the occurrence of chronic complications and gives some 
indication of the degree of glycemic regulation during the 6-8 weeks prior to testing 
(34) . HbA1c concentrations were not examined in the Pakistani study, although this 
would definitely have been feasible with a study duration of 60 days and an intervention 
phase of only 40 days (1) .  Other important limitations of this study were the relatively 
short study duration and the lack of placebo controlled analyses. The study cannot be 
said to support the claim that cinnamon causes a lowering of the blood glucose levels. 
The authors' conclusion that cinnamon improves glucose regulation is therefore not 
justified. Besides, the study included people of Pakistani descent. It has been shown that 
when people of non-European/Western descent take supplements other than 
cinnamon, such as chromium, they show different effects than those seen in 
European/Western populations (35,36) . These subjects may therefore also show 
different reactions to cinnamon supplements. 
Based on the available literature, in which only one placebo controlled study showed 
positive effects on fasting blood glucose levels, and in which no study reported a 
positive effect on HbA1 c concentrations, we do not recommend that patients with 
diabetes mellitus take cinnamon as a supplement to improve their glycemic regulation. 
In this recommendation, any consideration of the possible harmful effects of cinnamon 
were not included, although we do note that none were reported in any of the studies 
included in this review. 
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Chapter 7 

A BSTRACT 

Objective 

In patients with type 2 diabetes mellitus (DM2), it is hard to reach treatment objectives 
for blood pressure (BP) with classical treatment options. Recently, reducing breathing 
frequency has been advocated as a method to reduce BP. We examined if an electronic 
device such as Resperate®, by reducing breathing frequency, would lead to BP 
reduction in a population of patients with DM2 and hypertension. Our secondary 
objective was to study the effect of this device on quality of life (QOL). 

Method 

A randomized, single blind, controlled trial was conducted over a period of eight weeks 
to evaluate the effect of this therapy on BP and QOL. The control group listened to 
music and used no other therapeutic device. BP and QOL changes were studied in 30 
patients with DM2 and hypertension. 

Results 

There was no significant difference in change in BP between groups; -7.5 (95% 
confidence interval (CI) -12.7, -2.3) / -1.0 (95% CI -5.5, 3.6) mmHg in the intervention 
group and -12.2 (95% CI -17.4, -7.0) / -5.5 (95% CI -9.7, -1.4) mmHg in the control 
group. Whether or not the target breathing frequency of 10 breaths per minute was 
reached did not affect BP. There were no significant changes in QOL. 

Conclusion 

The effects of Resperate® on BP and QOL were not significantly different from those 
found in the control group. Furthermore, 40% of patients did not reach the target 
breathing frequency, making this device less suitable for clinical practice in patients with 
DM2. 
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INTRODUCTION 

Diabetes mellitus type 2 (DM2) and hypertension commonly occur together, with a 
higher prevalence of hypertension in patients with DM2 than in the general population 
(1). Prevalence of hypertension in diabetes patients was 39% in the Hypertension in 
Diabetes Study (HDS) (1). In the Netherlands a prevalence of hypertension in the 
general population (20-70 years) of 27% for men and 22% for women was found (this 
percentage includes persons taking antihypertensive drugs) (2). 
The United Kingdom Prospective Diabetes Study (UKPDS) showed that tight blood 
pressure (BP) control in patients with hypertension and DM2 results in a clinically 
important reduction of morbidity and mortality (3). 
Both DM2 and hypertension have a negative impact on quality of life (QOL) (4). 
Standard treatments of hypertension consist of a combination of pharmacological and 
non-pharmacological regimens. The UKPDS showed that in patients with DM2 two or 
more antihypertensive drugs are often required to attain BP goals (3). Recently, a new 
non-pharmacological treatment has been proposed, consisting of breathing exercises 
guided by an electronic device; the Resperate® (5). The exercises are said to be 
successful if breathing frequency is less than ten breaths per minute at the end of the 
exercise. Exercises should be done daily for 10 - 15 minutes (5-9) . The rationale behind 
this therapy is that slow and regular breathing increases the baroreflex sensitivity, which 
can reduce autonomic imbalance. Autonomic imbalance is thought to be an important 
factor in the development of hypertension (10). 
Studies with this device done so far report a significant reduction in BP after eight 
weeks in hypertensive patients with or without the addition of antihypertensive drugs 
(5-9,11). These studies had either no active control group or a control group that 
listened to music through a Walkman. Diabetes mellitus was an exclusion criterion in 3 
studies (5,7-8) . 
The objective of the present study was to evaluate the efficacy of this non
pharmacological therapy by comparing its effects to the effects of listening to music 
with a discman on BP and QOL in a population of patients with DM2 and moderate 
controlled BP. 

METHODS 

Participants 
Patients were recruited from the outpatient clinic of the Isala Clinics in Zwolle, the 
Netherlands. Eligibility criteria were: age over 18 years, diagnosis of DM2 more than 2 
years ago, use of at least one antihypertensive drug without changes in the last 3 months, 
a systolic BP between 130 and 170 mmHg over the previous 6 months, and a systolic 
BP between 140 and 160 mmHg at the first study visit. Exclusion criteria were 
hospitalization in the last 3 months, deafness, blindness and cognitive abilities deemed 
insufficient to operate a study device. 
A letter containing information about the study and an invitation to participate was sent 
to 83 patients. Based on this information, 31 patients refused participation and 52 
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patients agreed to a first study visit. At this v1s1t, 20 patients did not meet the BP 
inclusion criteria, one patient was excluded because of not taking any antihypertensive 
drugs at the time of the study visit, and another patient refused participation at the first 
visit. Thirty patients met all the criteria and entered the study. All patients gave informed 
consent. The study was approved by the Medical Ethics Committee of the Isala Clinics. 
Recruitment took place in the first half of 2005, with the starting point of the study 
being the date of recruitment. 

Outcome measures, randomidation and study design 
The primary outcome measures were change in office and home BP. The secondary 
outcome measure was change in QOL. 
Randomization was done using sealed non-transparent envelopes, which contained an 
"I" or "C", indicating the intervention and control group respectively. Randomization 
took place prior to the first visit. 
There were two study groups. The intervention group used the breathing device and the 
control group used a discman with various kinds of random music. 
All patients were informed that the objective of the study was to compare different 
types of music therapy. In addition, patients in the intervention group were informed 
about the possible effect of slow breathing guided by music. None of the patients were 
informed about the treatment in the other study group. All data were entered in a 
database in duplicate by an independent third party to minimize typing errors. 
Patients visited the clinic twice. During the first visit patients were seen by the 
investigator for baseline measurements including BP, heart rate, height and weight 
(without coat and shoes), smoking status and QOL. The trial was explained to them, 
and all instructions were given both verbally and in writing. The patients were instructed 
in the use of the BP device and the breathing device or the discman. Patients were asked 
to do the exercise every day during 56 days at approximately the same time and to 
measure their BP four times daily; twice within five minutes prior to and twice within 
five minutes following the exercise. The second visit to the clinic was eight weeks after 
the initial visit. Patients were seen by the same investigator. Clinical measurements were 
again taken and the QOL-questionnaire was filled out. Furthermore, questions about 
knowledge of other study participants or the other study group were asked to test 
blinding. Data of the daily home BP and heart rate measurements were collected from 
the patients, which were written down by each patient in a study diary. Compliance with 
interventions was checked using the ratio between the actual number of treatment 
sessions performed and the requested number of sessions. 

Blood pressure measurement 
BP was measured both in the clinic and at home according to the Guidelines of the 
Dutch Institute for Healthcare Improvement (CBO) using an OMRON MS-I (HEM-
757) automatic BP device (12,13). Use of an automatic device prevents observer bias. 
Before BP measurement during the first study visit, the circumference of the upper arm 
was measured. When the circumference was 22-32 cm, the standard cuff (12 x 21.5 cm) 
was used. The large cuff (15 x 29.5 cm) was used when the circumference was between 
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32 and 42 cm. The measurements were done with the patient in a sitting position, after 
he or she had been sitting for a minimum of five minutes, with the cuff at heart level 
and the volar side of the lower arm resting on the desk. The cuff was applied to the bare 
arm one to two centimeters above the elbow fold. Any tight clothing was removed from 
the upper arm. The patient was asked to sit still, not to move the arm, and not to speak 
during measurement. The time between successive measurements was at least 15 
seconds. Initially, the BP was measured twice on each arm. The mean of the two 
readings for the left arm was compared with the mean of the two readings for the right 
arm. When there was a difference of > 10 mmHg of the systolic and/ or diastolic BP 
between the two arms, future measurements were done on the arm with the higher BP. 
When the difference was less, an arbitrary arm was taken for all next measurements. For 
all analyses the mean of the two consecutive measurements was used. 

Quality of life measurement 
Patients filled out a QOL-questionnaire containing the Dutch versions of the 12-item 
Short Form Health Survey (SF-12), the Problem Areas in Diabetes Scale (PAID) and 
the WHO 5-item Wellbeing Index (WHO-5) (14-18). The SF-12 is a generic measure of 
health-related QOL. It is a reliable and validated short version of the SF-36 (14,15). A 
physical component score (PCS) and a mental component score (MCS) can be 
calculated, with higher values representing better QOL (norm-based scores are 
standardized to a mean of 50 and standard deviation of 10). The PAID is a diabetes
specific 20-item questionnaire to score diabetes-related emotional distress. It is scored 
on a scale of O to 100, with higher scores indicating greater emotional distress. Reliability 
and validity are good, also for the Dutch situation (16,17). The WHO-5 measures 
psychological wellbeing in the general population. It has a score ranging from O to 100, 
with O representing worst possible and 100 representing best possible quality of life (18). 

Statistical analyses 
Statistical analyses were carried out using SPSS version 12.0.1. A significance level of 5% 
was used. As appropriate, parametric (Student's t) and non-parametric (Mann-Whitney 
U) tests were used to compare outcome measures between groups. The Chi-square test 
was applied for categorical variables. Baseline values and end-of-treatment values for 
home measurements of BP and heart rate were calculated by averaging the pre-exercise 
data of the first week (baseline) and the last week (end of treatment). Furthermore, 
change of home BP measurements over time was estimated by the linear regression 
coefficient for each patient and differences in mean regression coefficients between 
groups were tested using Student's t tests. 
Analyses were by intention-to-treat principle. An additional intra-group analysis of the 
data was carried out to compare office BP of the patients who succeeded in achieving 
the target breathing rate (<10 breaths per minute) with those who did not. 
The sample size required to detect an absolute reduction of 10 mmHg in systolic BP 
during the eight-week study with a power of 95%, and alpha 5% (2-tailed), was 28 (14 in 
the intervention group and 14 in the control group). This calculation was based on the 
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mean systolic BP of patients with a systolic BP between 140-160 mmHg in our clinic 
being 148.3 ± 6.9 mmHg. 
The report was written based on the 'Consolidation of the standards of reporting trials' 
(CONSORT) (19). 

RESULTS 

Figure 1 shows the number of participants involved throughout the trial. 

allocated to 
Res erate® (n= l S) 

lost to follow-up (n=O) 

analyzed (n= l S) 

assessed for eligibility 
n=83 

randomized 
n=30 

excluded (n=53) :  
- not meeting inclusion 
criteria (n=22) 
- refused to participate 
(n=31) 

allocated to 
Discman (n = 1 5) 

lost to follow-up (n=O): 

analyzed (n= l 5) 

Figure 1. CONSORT flo1v diagram.Number of participants in stages of the trial. 

Baseline characteristics of the patient population (n=30) are listed in Table 1. 
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Treatment group 

Variable Intervention Control 

n 15  15  

Age (years) 62.7 ± 6.0 61.0 ± 7.5 
Male (%) 3 (20) 10  (67) 
BMI (kg/m2) 31 .5 ± 4.7 32.5 ± 5.4 
Systolic BP (mmHg) 153.5 ± 7.5 150.4 ± 8.2 
Diastolic BP (mmHg) 83.0 ± 6.7 87.0 ± 8.3 
Heart rate (6pm) 74.0 ± 9.5 78.5 ± 10.7 
Number of antihypertensive drugs 2.3 ± 1 .2 2.3 ± 1 .4 
QOL score 

PAID 8.8 (2.5;17.5) a 13.8 (6.9;32.2) a 

(n= 14) 
SF-12 I PCS 41.7 ± 9.8 39.7 ± 6.6 

I MCS 51 .4 ± 7.6 46.7 ± 12.5 
WHO-5 65.8 ± 19.5 56.3 ± 24.5 

Values are mean ± SD or number (%) .  
a Median (p25;p75) is given for variable with non-normal distribution. b One PAID
score could not be calculated because 1 patient left 1 question unanswered. SD, standard 
deviation; BMI, Body Mass Index; bpm, beats per minute; BP, blood pressure; QOL, 
Quality of Life; PAID, Problem Areas In Diabetes; SF-12, 12  item Short Form health 
survey; PCS, physical component score; MCS, mental component score; WHO-5, 
World Health Organization Well Being Scale 
Table 1. Characteristics at baseline f?y treatment group 

These characteristics are comparable between the groups; there were more men in the 
control group (10 versus 3 in the intervention group). 

Blood pressure 

Office systolic BP was significantly reduced at the end of the study in both the 
intervention and the control group (intervention, from 153.5 to 1 46.0 mmHg (P = 
0.008); control, from 150.4 to 138.2 mmHg (P < 0.001 )) .  The office diastolic BP was 
significantly lower only in the control group (intervention: from 83.0 to 82. 1 mmHg (P 
= 0.657); control: from 87.0 to 81 .5 mmHg (P = 0.01 2)) . There were no significant 
differences in change of office BP between the two groups (Table 2). 
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Treatment group pl Difference 

Intervention Control 
between groups 

Change in 
Systolic BP -7.5 (-12.7, -2.3) -12.2 (-17.4, -7.0) 0.86 4.7 (-11.7, 2.3) 
(mmHg) 
Diastolic BP -5.5 (-9.7, -1.4) -1.0 (-5.5, 3.6) 0.94 4.6 (-10.4, 1.3) 
(mmHg) 
Heart rate -1.7 (-6.3, 2.9) -1.9 (-9.2, 5.4) 0.97 0.2 (-8.5, 8.1) 
(bpm) 
Values are mean (95% confidence interval). a P value of comparison between groups 
after eight weeks. Abbreviations as in Table 1. 
Table 2. Change in office measurements of BP and heart rate after 8 iveeks 

There were no significant differences in change of home BP measurements between the 
two groups (Table 3). 

Treatment group pa Difference 

Intervention Control 
between groups 

Change in 
Systolic BP -7.8 (-12.6, -3.0) -8.8 (-14.1, -3.5) 0.77 -1.0 (-7.8, 5.8) 
(mmHg) 
Diastolic BP -3.3 (-6. 7, 0.0) -4.7 (-8.0, -1.3) 0.55 -1.3 (-5.8, 3.2) 
(mmHg) 
Heart rate 0.2 (-3.0, 3.4) 1.9 (-0.5, 4.3) 0.37 1.7 (-2.1, 5.5) 
(bpm) 
Values are mean (95% confidence interval). a P value of comparison between groups 
after eight weeks. Abbreviations as in Table 1. 
Table 3. Change in home measurements of BP and heart rate 

Mean regression coefficients of the home BP measurements over time are small for 
both groups (ranging from -0.05 to -0.12 in the intervention group and -0.09 to -0.19 in 
the control group), indicating a minimal reduction of BP over time in the home setting. 
There were no significant differences between the intervention and control groups (data 
not shown). 
Mean breathing frequency at the end of the daily exercise in the intervention group was 
10.8 ± 6.7 breaths per minute. A post hoc analysis in the intervention group was carried 
out to test the difference in office BP between the nine patients who reached the target 
breathing frequency of 10 breaths per minute and the six who did not. The mean 
breathing frequency was 6.2 ± 1.9 breaths per minute in the first group and 17.7 ± 5.0 
breaths per minute in the latter. BP change was not significantly different between both 
groups; BP change was -5.5 (95% confidence interval (CI) -12.9, 1.9) / 0.5 (95% CI -6.5, 
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7.5) mmHg in the group that did reach the breathing frequency target and -10.5 (95% 
CI -19.6, -1.3) / -3.2 (95% CI -10.4, 4.1) mmHg in the group that did not (P = 0.33 for 
systolic BP change and P = 0.42 for diastolic BP change). 

Heart rate 
Office heart rate did not change in either group (intervention, from 73.7 to 72.0 beats 
per minute (6pm) (P = 0.44); control, from 78.5 to 76.7 bpm (P = 0.59)). There were no 
significant differences in change of office heart rate between the two groups (Table 2) . 
There was no significant difference in change of home measurements of heart rate 
between the intervention and control group (Table 3). 

Quality of life 
Table 4 shows that QOL did not change significantly over time, nor did it differ 
between the intervention and control groups. 

Treatment group ]ii Difference 

Intervention Control 
between groups 

Change in 
QOL 
SF-12 PCS 0.2 (-2,2, 2,5) -3.3 (-8.0, 1.4) 0.17 3.5 (-1.6, 8.5) 
SF-12 MCS -1.2 (-5.1, 2.7) -1.4 (6.7, 3.8) 0.94 0.2 (-6.0, 6.5) 
PAID 2.4 (-0.5, 5.3) -2.2 (-9.3, 4.8) 0.19 4.6 (-2.7, 12.1) 
WHO-5 -4.5 ( 4.5, -14.4) 4.0 (-11.6, 19.6) 0.33 8.5 (-26.2, 9.1) 
Values are mean (95% confidence interval). a P value of comparison between groups 
after eight weeks. Abbreviations as in Table 1. 
Table 4. Change in Quality of Life efter 8 1veeks 

Blinding & compliance 
The questionnaire at eight weeks showed that blinding was successful. No adverse 
events or side effects were reported. Compliance with therapy was high with more than 
90% of recommended daily sessions done by all patients in both groups (94% in 
intervention and control group). 

D I S C U S S I O N  

This study shows that breathing exercises guided by an electronic device do not reduce 
BP in patients with DM2, as measured both in the clinic and at home, to a greater extent 
than listening to music with a discman. We chose listening to music with a discman as 
our control group to keep the interventions in both groups as similar as possible with 
the exception of the active lowering of breathing frequency in the intervention group. 
Several clinical trials have shown that listening to music can lower BP. This is mostly 
investigated in a perioperative setting or in patients undergoing endoscopic procedures 
(20-23). Because of this effect, choosing music as our control group enabled us to 
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differentiate between the effect of listening to music (the Resperate® produces musical 
tones as well) and the effect of reducing breathing frequency on BP. 
Our study shows that we cannot attribute the effect on BP seen in the intervention 
group to the reduction of breathing frequency achieved with the device. However, only 
a small number of subjects were able to reduce their breathing frequency. Therefore, the 
question remains unanswered whether the failure to observe any effect on BP is due to 
lack of efficacy of the device, or due to the inability of our subjects to reach sufficiently 
low breathing frequencies. Our results do not support findings reported previously. To 
our knowledge, this is the first study of its kind done in patients with DM2. Grossman 
et al. and Schein et al. studied the effect in hypertensive patients, either with or without 
antihypertensive drug therapy and used listening to music through a Walkman as their 
control group (5,7) . Both reported significant BP reductions in the intervention group as 
compared to the control group; -7.5/-4.0 vs. -2.9/-1.5 mmHg (P = 0.001, P = 0.12) and 
-15.2/-10.0 vs. -11.3/-5.6 mmHg (P = 0.14, P = 0.008) respectively. Meles et al. and 
Elliot et al. used no device in their control groups and both reported significant 
decreases in systolic or diastolic BP in their intervention groups; Meles et al.: -5.5/-3.6 
vs. -0.2/+0.9 mmHg (ns, P < 0.05), Elliot et al.: systolic BP: -15.0 vs. -9.2 mmHg (P = 
0.012) (9,11). Rosenthal et al. and Viskoper et al. did not have control groups, but 
reported significant decreases in BP at eight weeks; -7.2/-3.4 mmHg (P < 0.01, ns) and -
12.9/-6.9 mmHg (P < 0.001 for both) respectively (6,8). Using an active control in our 
study contributed to a more reliable outcome in our opinion. 
Hypertension is a multifactorial condition and in patients with DM2 as compared to 
non-diabetic subjects, other factors might be involved in eliciting hypertension. 
Moreover, consequences of longstanding presence of DM2 and hypertension might play 
a role both in the severity of hypertension and its sequelae, and the possibilities to 
correct raised BP. For example, reduced baroreflex sensitivity (BRS) is an indicator of 
increased risk for mortality and morbidity and is associated independently with both 
diabetes mellitus and hypertension (24, 25). However, no measurements of BRS were 
done in the present or previous studies and therefore, we cannot conclude that having 
DM2 per se was the reason for our negative results. Having performed these 
measurements would have possibly given us important information. 
In our study, 9 of the 15 patients in the intervention group succeeded in lowering their 
breathing rates to the target of less than ten breaths per minute. This was despite the 
verbal and written instructions, repeated as necessary, with which the patient was 
provided. This makes Resperate® therapy less attractive for use in clinical practice in 
patients with DM2. Not only are there questions about the efficacy of this device, only 
60% of patients will achieve the breathing rates reported to maximize the effects of this 
treatment. 
More research is needed to study the effects of both music and breathing techniques on 
BP. To eliminate bias, an independent double blind study should be carried out in which 
the intervention and the control groups use the same device, with the only difference 
that in the intervention group the breathing frequency can be altered (<10 breathing per 
minute) and not in the control group. Furthermore, breathing frequency of the control 
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group should be monitored. Baroreceptor reflex sensitivity and carotid intima media 
thickness should be important parameters in every follow-up study. 
We could not measure an effect on QOL with either intervention. The duration of the 
study may have been of insufficient length and scope to detect measurable changes in 
QOL. Moreover, hypertension, a condition often lacking symptoms, may have less of an 
effect on QOL than, for example, diabetes itself. 
In conclusion, the effects of reducing breathing frequency with the Resperate® on BP 
and QOL were not different from those found in the control group, and a large 
proportion (40%) of patients with DM2 did not reach the target breathing frequency, 
making this device less suitable for clinical practice in patients with DM2. 

77 



Chapter 7 

R E F E R E N C E S 

1. Hypertension in Diabetes Study (HDS). I. Prevalence of hypertension in newly 
presenting Type 2 diabetic patients and the association with risk factors for 
cardiovascular and diabetic complications. J Hypertens 1993; 11:309-317. 

2. The National Compass for Public Health and Healthcare 
(www.nationaalkompas.nl). Available at 
http://www.rivm.nl/vtv/object_document/o1464n18948.html (Last accessed 22 
August 2006). 

3. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of 
macrovascular and microvascular complications in Type 2 diabetes: UKPDS 38. UK 
Prospective Diabetes Study Group. BM] 1998; 317:703-713. 

4. Maddigan SL, Majumdar SR, Toth EL, Feeny DH, Johnson JA. Health-related 
quality of life deficits associated with varying degrees of disease severity in Type 2 
diabetes. Health Qual Life Outcomes 2003; 1 :78. 

5. Grossman E, Grossman A, Schein MH, Zimlichman R, Gavish B. Breathing 
control lowers blood pressure. J Hum Hypertens 2001; 15:263-269. 

6. Rosenthal T, Alter A, Peleg E, Gavish B. Device-guided breathing exercises reduce 
blood pressure: ambulatory and home measurements. Am J Hypertens 2001; 14:74-
76. 

7. Schein MH, Gavish B, Herz M, Rosner-Kahana D, Naveh P, K.nishkowy B, et al. 
Treating hypertension with a device that slows and regularises breathing: a 
randomized, double-blind controlled study. J Hum Hypertens 2001; 15:271-278. 

8. Viskoper R, Shapira I, Priluck R, Mindlin R, Larissa Chornia, Laszt A, et al. 
Nonpharmacologic treatment of resistant hypertensives by device-guided slow 
breathing exercises. Am ] Hypertens 2003; 16:484-487. 

9. Meles E, Giannattasio C, Failla M, Gentile G, Capra A, Mancia G. 
Nonpharmacologic treatment of hypertension by respiratory exercise in the home 
setting. Am ] Hypertens 2004; 17:370-374. 

10. Brook RD, Julius S. Autonomic imbalance, hypertension, and cardiovascular risk. 
Am ] Hypertens 2000; 13:112S-122S. 

11. Elliot WJ, Izzo JL Jr, White WB, Rosing DR, Snyder CS, Alter A, et al. Graded 
blood pressure reduction in hypertensive outpatients associated with use of a device 
to assist with slow breathing. J Clin Hypertens 2004; 6:553-559. 

12. CBO. Richtlijn hoge bloeddruk (transl. Guideline High Blood Pressure). Alphen aan 
den Rijn: Van Zuiden Communications BV; 2000. 

13. El Assaad MA, Topouchian JA, Asmar RG. Evaluation of two devices for self
measurement of blood pressure according to the international protocol: the Omron 
MS-I and the Omron 705IT. Blood Press Monit 2003; 8:127-133. 

14. Ware JE, Kosinski M, Keller S. A 12-item short-form health survey (SF-12): 
construction of scales and preliminary tests of reliability and validity. Med Care 
1996; 34:220-233. 

15. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. 
Cross-validation of item selection and scoring for the SF-12 Health Survey in nine 



Effect of device-guided breathing exercises on blood pressure 

countries: results from the IQOLA Project. International Quality of Life 
Assessment. J Clin Epidemiol 1998; 51: 1171-1178. 

16. Welch GW, Jacobson AM, Polansky WH. The Problem Areas in Diabetes Scale. An 
evaluation of its clinical utility. Diabetes Care 1997; 20:760-766. 

17. Snoek FJ, Pouwer F, Welch GW, Polansky WH. Diabetes-related emotional distress 
in Dutch and U.S. diabetic patients: cross-cultural validity of the problem areas in 
diabetes scale. Diabetes Care 2000; 23:1305-1309. 

18. World Health Organization Regional Office for Europe. Wellbeing measures in 
primary health care: the Depcare Project. Report on a WHO Meeting, Stockholm, 
Sweden, 1998 Feb 12-13. WHO Regional Office for Europe, Copenhagen. 

19. Moher D, Schulz KF, Altman DG. The CONSORT statement: revised 
recommendations for improving the quality of reports of parallel-group randomized 
trials. Lancet 2001; 357:1191-1194. 

20. Smolen D, Topp R, Singer L. The effect of self-selected music during colonoscopy 
on anxiety, heart rate, and blood pressure. Appl Nurs Res 2002; 15:126-136. 

21. Allen K, Golden LH, Izzo JL Jr, Ching MI, Forrest A, Niles CR, et al. 
Normalization of hypertensive responses during ambulatory surgical stress by 
perioperative music. Psychosom Med 2001; 63:487-492. 

22. Barnason S, Zimmerman L, Nieveen J. The effects of music interventions on 
anxiety in the patient after coronary artery bypass grafting. Heart Lung 1995; 
24:124-132. 

23. Triller N, Erzen D, Duh S, Petrinec Primozic M, Kosnik M. Music during 
bronchoscopic examination: the physiological effects. A randomized trial. 
Respiration 2006; 73:95-99. 

24. Gerritsen J, Dekker JM, TenVoorde BJ, Kostense PJ, Heine RJ, Bouter LM, et al. 
Impaired autonomic function is associated with increased mortality, especially in 
subjects with diabetes, hypertension, or a history of cardiovascular disease: the 
Hoorn Study. Diabetes Care 2001; 24: 1793-1798. 

25. Pikkujamsa SM, Huikuri HV, Airaksinen KE, Rantala AO, Kauma H, Lilja M, et al. 
Heart rate variability and baroreflex sensitivity in hypertensive subjects with and 
without metabolic features of insulin resistance syndrome. Am J Hypertens 1998; 
11:523-531. 

79 





8 Effect of device-guided 
brea thing exercises on blood 
pressure in pa tients with 
hypertension: a randomized 
con trolled trial 

A!tena MR, Kleefstra N, Logtenberg SJ, Groenier K.H, Houwe!ing ST, Bi!o HJ. 
Blood Press. 2009 Sep; 10: 1-7. 

81 



Chapter 8 

A B S T R A C T  

Objective 

Hypertension is a chronic disorder with a high prevalence worldwide. Despite 
considerable efforts, it is sometimes hard to reach treatment goals for blood pressure 
(BP) with classical treatment options. Reducing breathing frequency has been advocated 
as a method to reduce BP. 

Methods 

A randomized, single-blind, controlled trial was conducted in 30 non-diabetic patients 
with hypertension over a period of 9 weeks to evaluate the effect of a device that helps 
to slow breathing (Resperate®) on BP and quality of life (QoL) . The control group 
listened to music and used no other therapeutic device. 

Results 

There was no significant difference in change in BP between intervention and control; 
BP -4.2 mmHg (95%CI -12.4; 3 .9)/-2.6 mmHg (95%CI -8.4; 3.3) .  This result did not 
alter in post hoc analyses, when patients not achieving target breathing frequency (<10  
breaths per minute) o r  noncompliant patients were excluded. QoL did not change over 
time. 

Conclusion 

We found no effect of the Resperate® on BP or QoL compared with the control group. 
We conclude that, at this moment, this device has no added value in the treatment of 
hypertension. 
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INTRODUCTION 

For the treatment of hypertension, there are pharmacological and non-pharmacological 
options. One of the more recently advocated non-pharmacological options is an 
electronic device which guides breathing exercises; the Resperate® (InterCure Ltd, Lod, 
Israel) (1). It aims at a breathing frequency less than 10 breaths per minute. Total 
exercise time should be at least 45 minutes per week, preferably 10-15 minutes daily (1-
8). The theory behind the efficacy of the Resperate® is, that slow and regular breathing, 
guided by slowing of musical tones, increases heart rate variability, which in turn 
increases baroreflex sensitivity (9). Increase of baroreflex sensitivity can reduce 
autonomic imbalance, which is thought to be an important factor in the development of 
hypertension (9-11). 
Most studies done so far with this device report a reduction in blood pressure (BP) in 
hypertensive patients with or without the addition of antihypertensive drugs (1-7). In 
2007, we published a study with the Resperate® in patients with hypertension and type 
2 diabetes (8). We did not demonstrate a change in either home - or office BP 
measurements in the intervention group compared to the control group, whose 
participants listened to music through a discman. This lack of result could be a 
consequence of autonomic dysfunction in hypertensive patients with diabetes, which we 
did not systematically assess in the individual participants, as pointed out by Parati and 
Carretta in their editorial commentary (12). In case of autonomic neuropathy, the earlier 
mentioned theoretical blood pressure lowering mechanism would not apply (13). So, in 
order to re-evaluate the effects of the Resperate®, we performed a trial in patients with 
hypertension without diabetes. 

METHODS 

Participants 
Patients were recruited from the outpatient clinic of the department of Internal 
Medicine of the Isala Clinics (Zwolle, The Netherlands) .  Eligibility criteria were: age 
over 18 years, known hypertension with a systolic BP (SBP) between 130 and 1 70 mm 
Hg at the last visit to the internist and treated with one or more anti-hypertensive drugs 
which have not been changed in the preceding three months. The SBP at the first study 
visit (baseline) had to be between 140 and 160 mm Hg, measured by the investigator 
according to the method described below. Exclusion criteria were: diabetes, known 
pulmonary- or heart disease, deafness, blindness, insufficient knowledge of the Dutch 
language to understand the requirements of the study, and cognitive abilities insufficient 
to handle the study devices. 
Eligible patients received a letter with information about the study and an invitation to 
participate. They were contacted by telephone after one week. At that point, 48 patients 
refused to participate and 60 patients agreed to a first study visit (see figure 1). Thirty 
patients met the criteria and entered the study. All patients gave informed consent. 
Recruitment took place between December 2007 and March 2008. The study was 
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approved by the Medical Ethics Committee of the Isala Clinics in Zwolle, The 
Netherlands. 

Study endpoints, randomization and study design 

The primary endpoint was change in office SBP. Secondary endpoints were change in 
office diastolic BP (DBP) and change in quality of life (QoL) . Furthermore, changes in 
home BP measurement were studied. 
Randomization was performed by a third party, who informed the researcher by 
telephone about the randomization result, using sealed non-transparent envelopes, 
which contained an 'R' or 'D', indicating the intervention and control group, 
respectively. 
Treatment in the intervention group consisted of the breathing device, treatment in the 
control group consisted of a discman with slow music. All patients were informed that 
the study objective was to investigate whether music therapy could reduce BP. In 
addition, patients in the intervention group were informed about the possible effects of 
slow breathing (< 10 breaths/minute) guided by music. Patients in the control group 
were informed about the possible effects of listening to music. They did not receive 
information about breathing frequency. None of the patients were informed about the 
intervention in the other study group. 
Patients visited the clinic twice. During the first visit patients were seen by the primary 
investigator (M.A.) for baseline measurements, including BP, heart rate, height and 
weight (without coat and shoes). Current use of antihypertensive drugs was recorded 
and QoL was measured using a questionnaire. The trial protocol was explained once 
more, with all instructions given both verbally and in writing. After informed consent 
and randomization, patients were instructed in the use of the BP device and of the 
breathing device or the discman (depending on the randomization result) . Unblinding of 
randomization was prevented by scheduling visits of patients in such a way, that a 
patient did not meet the next or previous patient in the waiting area of the clinic. 
Furthermore, the devices were put in a non-transparent bag when dispensed. Patients 
were instructed to measure their BP twice a day during the first week (baseline) only, 
and to do the 'musical exercise' every day at approximately the same time and to 
measure their BP twice within 5 minutes prior to and twice within 5 minutes following 
the exercise during the following 8 weeks. Afterwards, subjects were seen by the same 
investigator for the second study visit. Clinical measurements were taken and the QoL 
questionnaire was again filled out. Furthermore, blinding was tested with a 
questionnaire, containing questions about knowledge of other study participants or 
knowledge about the therapy in the other study group. Data of daily home BP and heart 
rate measurements were collected from study diaries. Compliance with intervention was 
checked using the ratio between the actual number of treatment sessions performed and 
the requested number of sessions for the trial. A ratio of � 0.8 was considered as an 
adequate compliance. 
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Blood pressure measurement 
In all patients the validated A&D UA-767 Plus 30 automatic BP device was used 
(14,15). BP was measured both in the clinic and at home according to the guidelines of 
the Dutch Institute for Healthcare Improvement (CBO) (16). Use of an automatic 
device prevents observer bias and allowed the same device to be used at home. Before 
baseline BP measurements, the upper arm circumference was determined. When the 
circumference was 22-32 cm or 32-42 cm, the standard cuff or the large cuff were used, 
respectively. The measurements were performed with the patient in a sitting position, 
after he or she had been sitting for at least 5 minutes, with the cuff at heart level and the 
volar side of the lower arm resting on the desk. Any restricting clothing around the 
upper arm was removed. The cuff was applied to the bare arm 1-2 cm above the elbow 
fold. The patient had to sit still, without moving or speaking during measurements. 
Time between 2 measurements had to be at least 15 seconds. Initially, BP was measured 
twice in both arms. Mean BP reading in the left arm was compared with mean BP 
reading in the right arm. When there was a difference of > 10 mm Hg of the SBP 
and/ or DBP between the arms, future measurements were done on the arm with the 
highest BP. When the difference was less, an arbitrary arm was taken for following 
measurements. The same device was used in the same manner for all home BP 
measurements. For all analyses the mean of 2 consecutive measurements was used. 

Quality of life measurement 
Patients filled out the Dutch versions of the 36-item Short Form Health Survey (SF-36) 
and the WHO five-item Wellbeing Index (WHO-5) (17-19). The SF-36 is a validated 
generic measure of health-related QoL (17,20). The WHO-5 measures psychological 
well-being in the general population. Both test scores range from O to 100, with 100 
representing best possible well-being (19). 

Statistical analysis 
Statistical analysis was carried out using SPSS version 14.0 (SPSS Inc., Chicago, Illinois, 
USA). A significance level of 5% (2-sided) was used. The Student's t-test and in case of 
non-normal variables, the Mann-Whitney U tests were used to test differences between 
groups. The Chi-squared test was used for categorical variables. Baseline values and end 
of treatment values for home measurements of BP and heart rate were calculated by 
averaging the pre-exercise data of the first week (baseline) and the last week (end of 
treatment). Furthermore, change in home BP over time in each patient was estimated by 
the linear regression coefficient for each patient. Difference in mean regression 
coefficients between groups was tested using Student's t test. 
All data were entered into a database in duplicate to minimize typing errors. Analyses 
were done by the intention-to-treat principle. An additional intra-group analysis was 
carried out to compare office BP of patients who succeeded in reaching target breathing 
rate (< 10 breaths/minute) with those that did not. 
The sample size required to detect a difference of 10 mm Hg SBP between 2 groups in a 
9-week study, with a power of 0.80, and an alpha of 0.05 (2-tailed), was 30 (15 in either 
group). This calculation was based on data from our previous study. The range of SBP 
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was equal to that in the current study (140-160 mm Hg) and the standard deviation of 
change in SBP was 9.4 mm Hg (8). 

RESULTS 

Figure 1 shows the number of patients involved throughout the trial. 

allocated to 
Res erate® (n= 1 5) 

lost to follow-up (n=O) 

analyzed (n= 1 5) 

assessed for eligibility 
n= 1 08 

randomized 
n=30 

excluded (n=78) :  
- not meeting inclusion 
criteria (n=29) 
- refused to participate 
(n=48) 
- other reasons (n= l) 

allocated to 
Discman (n= 1 5) 

lost to follow-up (n=O): 

analyzed (n=1 5) 

Figure 1. CONSORT flo1v diagraJJJ. NuJJJber of participants in stages of the trial. 

Baseline characteristics of the population (n = 30) were comparable between groups 
(table 1), although there was a tendency towards a lower SBP in the intervention group. 
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Variable Intervention Control 
(n=15) (n=15) 

Age (years) 60.0 ± 11.0 59.0 ± 11.7 
Male (n (%)) 7 (47) 8 (53) 
BMI (kg/m2) 27.3 (25.4; 29.4) 28.7 (26.6; 29.6) 
Heart rate (bpm) 74.5 ± 10.4 71.3 ± 13.0 
Office SBP (mm Hg) 147.0 ± 5.8 151.5 ± 6.2 
Office DBP (mm Hg) 94.0 (76.5; 97.0) 87.0 (82.0; 97.0) 
Home SBP (mm Hg) 127.9 ± 16.2 133.9 ± 15.7 
Home DBP (mm Hg) 78.8 ± 12.5 78.4 ± 11.1 
Number of antihypertensive drugs 2.0 (2.0; 3.0) 3.0 (2.0; 3.0) 
Quality of life 
SF-36 PCS 73.8 (68.3; 82.4) 71.8 (66.3; 83.0) 

MCS 7 4.5 (70.4; 78.5) 75.6 (66.2; 81.8) 
WHO-5 68.0 (60.0; 80.0) 72.0 (64.0; 76.0) 

Values are mean ± SD or number (%) for variables with a normal contribution and 
median and p25, p75 for variables with non-normal distribution. SD, standard deviation; 
BMI, body mass index; bpm, beats per minute; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; SF-36 = 36-item short form health survey; PCS = physical 
component score; MCS = mental component score; WHO-5 = World Health 
Organization Well-being index 
Table 1. Characteristics at baseline l?J treatment group 

Blood pressure 
There was no significant difference in the reduction of office SBP between groups: 
change of SBP was -4.2 mm Hg [95% confidence interval (CI) -12.4; 3.9] in the 
intervention group compared to the control group (table 2). 
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Intervention Control Intervention vs. 
(n=15) (n=15) Control 

BP 
SBP (mm Hg) -9.8 ± 11.3 -5.6 ± 10.4 -4.2 (-12.4; 3.9) 
DBP (mm Hg) -4.6 ± 9.2 -2.0 ± 6.0 -2.6 (-8.4; 3.3) 
Quality of life 
SF-36 PCS 2.6 (-1.9; 5.5) -0.7 (-18.7; 3.7) 3.3 (0.0; 5. 7) 
SF-36 MCS 0.8 (-4.9; 7.3) 3.2 (-17.9; 11.0) -2.4 (-4.3; 5.9) 

WHO-5 0.0 (-5.0; 4.0) 0.0 (-12.0; 4.0) 0.0 (-4.0; 4.0) 
BMI (kg/m2) 0.0 (-0.6; 0.3) 0.0 (-0.0; 0.6) 0.0 (-0.2; 0.4) 
Heart rate (6pm) -1.3 ± 7.6 -2.0 ± 7.1 0.7 (-4.8; 6.1) 
Values are mean ± SD for variables with a normal contribution and median and p25, 
p75 for variables with non-normal distribution. Differences between groups are means 
with 95% confidence interval. SD, standard deviation; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; SF-36 = 36-item short form health survey; PCS = 

physical component score; MCS = mental component score; WHO-5 = World Health 
Organization Well-being index; BMI, body mass index; bpm, beats per minute 
Table 2. Change in efface measurements of BP and quality of life after 9 JVeeks 

Furthermore, there were no differences in office DBP: -2.6 mm Hg [95%CI -8.4; 3.3] 
(intervention vs. control group) or home SBP and DBP (table 3). 

Intervention Control Intervention vs. 
(n = 15) (n =15) Control group 

SBP (mm Hg) -2.5 ± 4.8 -2.9 ± 6.1 0.5 (-3.7; 4.8) 
DBP (mm Hg) -4.9 ± 7.8 -3.4 ± 9.2 -1.8 (-8.4; 4.8) 
Heart beat (6pm) 1.1 ± 3.9 -1.7 ± 5.7 2.8 (-0.8; 6.5) 
Values are mean ± SD. Differences between groups are means with 95% confidence 
interval SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; bpm, beats per minute 
Table 3. Change in home measurements of BP and heart rate 

Mean regression coefficients of the home BP measurements over time were -0.04 ± 
0.13/-0.03 ± 0.07 for the intervention group and -0.08 ± 0.19/-0.06 ± 0.10 for the 
control group. The difference in mean regression coefficient between both groups was 
0.04 [95%CI -0.08; 0.16]/ 0.03 [95%CI -0.04; 0.09] (table 4). There was no significant 
difference in change of home BP between groups. 
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Intervention Control Intervention vs. 
(n = 15) (n = 15) Control 

SBP (mm Hg) -0.04 ± 0.13 -0.08 ± 0.19 0.04 (-0.08; 0.16) 
DBP (mm Hg) -0.03 ± 0.07 -0.06 ± 0.10 0.03 (-0.04; 0.09) 
Heart beat (bpm) -0.10 ± 0.08 -0.05 ± 0.05 -0.05 (-0.1; 0.0) 
Values are mean ± SD. Differences between groups are means with 95% confidence 
interval SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; bpm, beats per minute 
Table 4. Mean regression coefficients in home BP measurement 

Because 3 patients in the intervention group had a compliance ratio of less than 0.8, and 
1 patient in the control group had a change in anti-hypertensive drug therapy during the 
trial, we performed a per protocol analysis. Outcome did not differ from the intention
to-treat analysis (data not shown). 
Mean breathing frequency at the end of daily exercises was 8.4 ± 3.9 breaths/minute. A 
post-hoc analysis in the intervention group was carried out to test the difference in 
office BP between the 10 patients who reached target breathing frequency (10 
breaths/ minute) and the 5 that did not. Mean breathing frequency was 6.1 ± 2.1 
breaths/minute in the first group and 13.1 ± 2.2 breaths/minute in the latter. BP 
decrease was 6.9/1.2 mm Hg and 15.7 /11.4 mm Hg in the groups with mean breathing 
frequency below and above 10 per minute, respectively. Between groups change was -
8.9 [95%CI -21.7; 4.0]/-10.3 [95%CI -19.7; -0.8] in favor of the high breathing 
frequency group. 

Heart rate 

Heart rate measured in a home and office setting did not change between groups (table 
2 and 3). 

Quality of life 

Table 2 shows that QoL did not change over time, nor did it differ between groups. In a 
post-hoc analysis, QoL was shown to improve in patients achieving the target breathing 
frequency compared to patients that did not (all 3 measures; p = 0.01). 

Blinding and compliance 

The questionnaire participants filled out at the end of the study showed that blinding 
was successful. Nobody reported knowing other persons participating in this trial, and 
nobody reported knowing anything about the therapy in the other treatment group. No 
adverse events or side effects were reported. In the control group, all patients were 
compliant, as compared to 12 in the intervention group. Analyses taking compliance 
into account did not change results. 
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D I S C U S S I O N  

This study in non-diabetic patients with hypertension failed to show that an electronic 
device which guides breathing reduces SBP or DBP, as measured both in the clinic and 
at home, to a greater extent than listening to music does. Also, no effect on QoL was 
demonstrated. Post-hoc analyses revealed that patients using the device (Resperate®) 
who did reach breathing frequencies below 10 breaths/minute had better QoL and 
higher BP as compared to patients who did not reach this target breathing frequency. 
Regarding previously published intervention studies with Resperate® (1-8), 2 studies did 
not have a control group at all, 2 only used BP measurements as control group, and 1 
used usual care as control group (3-7). Only 3 studies had a design with a control group 
qualifying as a 'good control group' (12). The control group in 2 of these trials listened 
to music with a walkman for 10 minutes daily, in 1 study the control group listened to 
music with a discman for 15 minutes daily. 
In 3 trials a beneficial effect of the Resperate® regarding SBP was reported (2,5,7). 
However, in 2 studies these effects were rather small, in 1 there was a big effect ( ~ 4.6 
and 3.5, 11.6 mm Hg, respectively). The first of these studies had a control group that 
listened to music with a walkman. There was a double blind randomization design, but 
there is no information about successfulness of blinding in the report (2). Patients in the 
second positive study were not randomized, the control group measured BP daily and 
did not use a music device. At follow up data were missing for 6 (7.6%) patients 
concerning clinical BP measurements and for 9 (11.4%) patients concerning home BP 
measurements (5). Therefore, in our opinion, this study cannot be used to argue that 
using the Resperate® is superior in lowering BP. The third positive study was a single 
blind controlled trial, the control group had his usual care and did not use a musical 
device either. Four patients in the intervention group stopped participation. Blood 
pressure of these patients was not measured during follow up. Two other studies also 
suggest they used double blind randomization (1,6). In 1 study there is no information 
about successfulness of the blinded randomization (1), in the other study the first 29 
patients were all directed to the intervention, and thereafter the other patients were 
directed 1:1 for the control or intervention group (6). The first 29 patients are included 
in all analyses, although they were not randomized. In the former study of Schein et al. 
there is a significant difference in change in DBP of ~ -4.4 mm Hg (95%CI -7.6; -1.1), 
but not in SBP, compared to the control group (1). The successfulness of double blind 
randomization is not clear from the report of this study. 
One third (n=5) of our participants did not reach a breathing frequency of less than 10 
breaths/minute, although all patients in the intervention group got the same verbal and 
written explanation, and had a demonstration of the device at the first study visit. This 
finding is in accordance with previous studies. As previously summed up by Logtenberg 
et al., in the study of Grossman et al. ~23% of the participants had a breathing 
frequency of 10 per minute or more (21). From the study of Schein et al. it can not be 
derived how many subjects failed to reach the required slow breathing frequency. The 
average end-breathing rate was 8.4 breaths/ minute, however, which is more than the 
average in the study of Grossman et al, which was 7.1 breaths/minute. This makes it fair 
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to assume that in both studies not all subjects reached a breathing frequency of below 
10  per minute. 
A rather unexpected finding in our study was that not reaching this goal was associated 
with better BP control and reaching this goal was associated with better QoL. This 
finding has to be interpreted with considerable caution, however, taking into account 
our small study sample. 
Sample size was calculated to detect a difference of 10 mm Hg SBP between groups as 
did previous studies (1 ,4,8). We found a mean difference in change in SBP between 
groups of 4.2 mm Hg with a 95% CI of - 12.4 to 3.9 mm Hg. From this result, we 
cannot completely rule out the 'true' difference being 10  mm Hg or more. 
There has been a debate concerning the 'ideal control device', and we agree with others 
that, it is best to use an independent double-blind study design, with the same device for 
the intervention and control groups, with the only difference, that breathing in the 
control group is not paced to a specific breathing frequency, and that breathing in the 
intervention group is paced to a frequency less than 10  breaths per minute (12). In this 
way there will not be any observer or patient bias. Recently, the manufacturer has 
produced such a device, which hopefully can aid in the answering of some final 
questions. 
In conclusion, a device for slow and deep breathing failed to show a reduction in BP 
when compared to listening to music with a discman. Of course smaller improvements 
than 10 mm Hg in SBP could be of interest, which would require larger studies. There 
was no effect of the intervention on QoL. In our opinion, the currently available 
evidence does not support the use of device-assisted respiratory rate lowering as 
adjunctive therapy in the treatment of hypertension. 
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I N T R O D U C T I O N  

Hypertension and T2DM are both important risk factors for cardiovascular disease, and 
the combination of both is even more deleterious than the separate disease entities. 
Aggressive treatment of hypertension is effective in reducing cardiovascular morbidity 
and mortality and is therefore recommended for all patients with T2DM in various 
international guidelines (1-3). Treatment of hypertension should include both 
pharmacological and non-pharmacological interventions. Accepted non
pharmacological interventions are sodium restriction, changing dietary habits, losing 
weight, increasing physical activity, smoking cessation and optimizing alcohol 
consumption (1-3). A relatively new intervention which is promoted as an addition to 
these non-pharmacological options is treating hypertension with device-guided 
breathing exercises. This intervention aims at lowering the respiratory frequency into a 
so-called 'therapeutic breathing zone' (less than 10 breathings per minute) by using an 
electronic device. This device uses 'breathe in' and 'breathe out' tones to guide the 
respiration into a lower frequency, especially by prolonging expiration. Exercises are said 
to be successful if the total exercise time is at least 45 minutes per week, preferably 10-
15 minutes daily (4-8). 
The theory behind the efficacy of device-guided breathing is, that slow and regular 
breathing, guided by slowing of musical tones, increases heart rate variability, which in 
turn increases baroreflex sensitivity (9). Increase of baroreflex sensitivity is considered to 
reduce autonomic imbalance, which is hypothesized to be an important factor in the 
development of hypertension (9-11). 
This paper will discuss the current evidence for using device-guided breathing for the 
treatment of hypertension. 

M E T H O D S 

Review of literature 

To avoid bias in discussing studies using the Resperate®, the search for these articles 
was done systematically. We searched MEDLINE with PubMed at April 1st 2009 and 
searched for systematic reviews and trials using a combination of free text words and 
MeSH-terms concerning blood pressure and breathing (see Table 1). 

(systematic[sb] OR (randomized controlled trial [Publication Type] OR 
(randomized[fitle/ Abstract] AND controlled[fitle/ Abstract] AND 
trial[fitle/ Abstract]))) AND ((((hypertens*) OR (blood pressur*)) OR ("Blood 
Pressure"[Mesh]) OR ("Hypertension" lMesh] )) AND (("Breathing Exercises" [Mesh] 
OR "Res irato Thera " [Mesh]) OR ("Music Thera " [Mesh] ) OR (breath*))) 
MeSH = "medical subject heading" 
Table 1. Medline search parameters far articles about the effect of the R.esperate® on blood pressure 

Two authors performed the search independently from each other and selected articles 
of interest based on title and abstract. The full text of these articles was then read to 
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decide about inclusion. Afterwards, the selections of the 2 authors were compared and 
in case of non-similarity they decided together whether the article should be included or 
not. An article was included if it described a study that aimed to alter BP in humans 
through alteration of breathing using a device. 
From the final selected articles information was gathered concerning study methods 
(randomization, control group), population (patients: hypertension, therapy, exclusion 
criteria and number of patients in study), intervention (time of therapy) and results (SBP 
and DBP in the clinic and at home). 
In order to assess the methodological quality of the studies performed in patients with 
diabetes, the same criteria as described by van Tulder et al. were used (12). Each item 
had a rating scale of 'yes', 'no' or 'don't know'. Eleven items pertaining to internal 
validity were applied: 
1. Was the method of randomization adequate? 
2. Was the treatment allocation concealed? 
3. Were the groups similar at baseline regarding the most important prognostic 

indicators? 
4. Was the patient blinded to the intervention? 
5. Was the care provider blinded to the intervention? 
6. Was the outcome assessor blinded to the intervention? 
7. Were co-interventions avoided or similar? 
8. Was the compliance acceptable in all groups? 
9. Was the withdrawal/ drop-out rate described and acceptable? 
10. Was the timing of the outcome assessment in all groups similar? 
11. Did the analysis include an intention-to-treat analysis? 
Studies fulfilling 6 or more of the 11 quality criteria were considered to be of 'high 
quality'. All studies scoring less than 6 of the criteria were rated as 'low quality'. 

RESULTS 

Searching at Medline brought us 881 references. After reading 37 abstracts, 12 articles 
were selected (by both authors) for full text reading, of which 8 were finally selected. 
These studies are presented in table 2. 
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� Studl'. B!oue Study period Studi: ann 
1 st author, disease, Number Intervention control 

year; therapy, patients of 
country patients 

(mterventi 
on I 
control 

GrossmanS, Essential HT, 18/15  8 weeks Resperate®, Walkman, 10 min/ day 
2001; Israel medication, BP 

>140/90 mm Hg 
10 min/day 

Schein4, 2001; HT, medication, 32/33 8 weeks Resperate®, Walkman, 10 min/day 
Israel BP > 140/90 mm 10 min/day 

H 
Meles8, 2004; HT no medication 48/31 10 weeks: 2 Resperate®, BP- measurement, 1 /day 
Italy and SBP 1 40-159 weeks baseline 15 min/day 

or DBP 90-99 mm BP; 8 weeks 
Hg or medication intervention 
and BP > 140/90 
mm H 

Elliot13, 2004; HT, medication, 89/60 8 weeks Resperate®, BP- measurement, 3/day 
United States SBP 140-179, DBP 1 5  min/day 

< 1 10 mm Hg 

Logtenberg14, T2DM, HT, 15/15  8 weeks Resperate®, Discman, 15 min/ day 
2007; The medication, SBP 15 min/day 
Netherlands 140-1 60 mm Hg 

Schein 1 5, NIDDM, HT, 33/33 8 weeks Resperate®, Usual care 
2009; Israel BP>130/80 mm 15 min/dag 

H 
Rosenthal6 HT, medication, 1 3/ 8 weeks Resperate®, 
2001; Israel BP 130/85- 15 min/day 

1 80/ 1 1 0  mm H 
Viskoper7, Essential HT, 11  I 8 weeks Resperate®, 
2003; Israel medication, SBP 15 min/day 

140-160 or DBP 
90-100 mm Hg 

a: p< 0.05; b: n = 44; c: n = 47; d: n = 42; e: n = 26; f: n = 24; g: n = 79; h: n = 57; HT 
= hypertension; BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic 
blood pressure; T2DM = type 2 diabetes mellitus; NIDDM = non insulin dependant 
diabetes mellitus 
Table 2. Stu dies JVith device guided breathing exercises 
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Endpoint Results (mean) 
Intervention (mm Hg) Control (mm Hg) Difference intervention vs. control (mm 

Hg) 

BP clinic 160 --+ 152.5/ 1 55 --+ 1 52. 1 /  -4,6•/ 
95 --+ 91 .0 94 --+ 92.5 -2,5 

BP home 1 57 --+ 152.0/ 151 --+ 149.8/ -3.8/ 
94 --+ 91 .3 90 --+ 90.9 -3.6 • 

BP 1 56.6 --+ 141 .4/ 154.7 --+ 143.4/ -2.9/ 
96.7 --+ 86.7• 93.4 --+ 87.8 -4.4• 

BP home 137 --+  131 .6•,b/ 126° --+ 1 24.l f/ -3.5•/ 
836 --+ 79.8•,e 79d --+ 78.0f -2.2• 

BP clinic 141 .4° --+ 135.9d/ 133.2 --+ 133.0/ -5.3/ 
88.1 t --+  84.5•,d 85.9 --+ 86.8° -4.5• 

BP clinic 1 50.3 --+ 139.7g/ 149.8 --+ 140.6 h/ -1 .4/ 
84.7 --+ 81.5 86.8 --+ 83.6 0.0 

BP home 145.8 --+ 145.3h/ 141 .3 --+ 141 .9</ - 1 . 1/  

85.9 --+ 85.3 83.7 --+ 83.5 -0.4 
BP clinic 153.5 --+ 146.0/ 1 50.4 --+ 138.2/ +4.7/ 

83.0 --+ 82.0 87.0 --+ 81 .5 +4.6 
BP home +1 .0/ 

+1 .3 
BP clinic 1 50.0 --+ 140.0 147.0 --+ 148,6 -1 1 .6•/ 

81 .0 --+77.4 81 .0 --+ 80.0 -2.6 

24h BP measurement, 137.1 --+ 129.9•/ 
awake 82.5 --+ 80.2 

BP home 156.4 --+ 1 50.0•/ 
88.5 --+ 85.9• 

BP clinic 1 55.4 --+ 142.5• I 
88.9 --+ 82.0• 
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Six studies were performed in non-diabetic patients (4-8,13). In total, 356 patients were 
included, of which 217 patients were allocated to use of the device. In all but one study 
a systolic blood pressure (BP) � 140 mm Hg was an inclusion criterion. Two of these 
studies did not have a control group (6,7), two used self-measurement of BP as a control 
(8,13), and two studies used listening to music as a control (4,5). In the study by Schein 
et al. device-guided breathing was not effective in lowering systolic BP compared to the 
control group. The difference in diastolic BP change between both groups was 4.4 mm 
Hg in favor of the intervention group (p=0.008) (4). The study by Grossman et al. was 
the only study in which a significant decrease in systolic BP was seen compared to the 
control group (between-group-difference 4.6 mm Hg, p=0.001) (5). 
The first trial performed in a diabetic population compared device-guided breathing to 
listening to music with a discman during a period of 8 weeks (n=30) (14). In this study 
the between-group-difference (95% confidence interval) for systolic BP proved to be 4.6 
mm Hg (-2.3; 11.7) in favor of the control group. These results are in contrast with 
those of a more recently published study which randomized between device-guided 
breathing and continuing usual care during a period of 8 weeks (n=71) (15). Systolic 
blood pressure significantly decreased compared to the control group (between-group
difference 11.6 mm Hg, p<0.0001) (15). 

Internal validity 
Since both diabetes manuscripts were not conclusive regarding to some items, the 
authors were asked for additional information. This allowed us the opportunity to 
discuss all quality criteria, pertaining to internal validity, for both studies. 

Was the method of randomization adequate? Was the treatment allocation concealed? 

In the Logtenberg study, patients were randomized using sealed non-transparent 
envelopes. Patients were randomized in pairs of enrolled patients in the Schein study. In 
order to maintain equal-size groups, patients who dropped out after randomization were 
automatically replaced by the next enrolled patient. Whether treatment allocation was 
performed by an independent person is not described in both studies. 

Were the groups similar at baseline regarding the most important prognostic indicators? 

The baseline systolic blood pressure was approximately 3 mm Hg higher in the 
intervention group in both studies. The results in both studies were presented without 
adjusting for this baseline difference. All other baseline variables were comparable 
between groups in both studies. 

Were the patients, care providers and outcome assessor(s) blinded to the intervention? 

None of the patients in the Logtenberg study were informed about the treatment in the 
other study group. A questionnaire at the end of the study showed that blinding was 
successful. The patients in the Schein study were not blinded to the intervention. 
Blinding of the care providers was not possible in both studies. All patients were seen 
and the outcomes were measured by the same investigators. 
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Were co-interventions avoided or similar? Was the compliance acceptable in all groups? 
Patients in both studies were instructed to continue usual care, including 
pharmacological treatment, diet and physical exercise. Logtenberg et al. did not describe 
any change in these parameters. One patient had to change medication in the Schein 
study. Ninety-four percent of the recommended daily breathing sessions were 
performed by all patients in the Logtenberg study, compared to 75% reported by Schein 
et al. Although the compliance rate was very high in the Logtenberg study, only 60% of 
the patients achieved the target range of less than 10 breaths per minute (measured at 
the end of the daily sessions). In the Schein study, 60% of the total session time was 
spent in the 'therapeutic breathing zone'. 

Was the withdrawal/ drop-out rate described and acceptable? Was the timing of the outcome assessment 
in all groups similar? 
No patients were lost to follow-up in the Logtenberg study. Five from the 38 patients in 
the intervention group of the Schein study dropped out after 4 weeks. One patient 
complained of mild dizziness, one had to change medication, and another three patients 
did not use the device at all. Blood pressure was measured at the end of the study in 
both studies. 

Did the ana/ysis include an intention-to-treat ana/ysis? 
Authors of both studies claim to have performed an intention-to-treat analysis. Five 
patients dropped out from the intervention group in the Schein study. The authors 
mentioned that no follow-up BP measurements were performed for four patients and 
that baseline values were used instead. This method is considered to be conservative by 
the authors. Because systolic BP increased in the control group, use of baseline BP for 
the four patients results in a between-group-difference in favor of the intervention 
group. Therefore, use of the baseline BP values can not be seen as conservative. 

CONCLUSIONS 

The study by Logtenberg et al. scored positive for 8 of the 11 quality criteria, compared 
to 5 for the Schein study. The study by Logtenberg et al. was superior with respect to 
the method of randomization, blinding of the patients, and the intention-to-treat 
analysis. These differences in study design could be a cause of the discrepancies in 
results between both studies. There are two other aspects which merit highlighting. 
Firstly, in both studies, systolic BP significantly decreased in the intervention group. 
However, the study by Schein et al. used usual care as a control group, whereas the 
study by Logtenberg et al. used an active control (listening to music with a discman). 
With the use of such a control group, they intended to specifically study the effects of 
slow breathing (14,15). A recent editorial emphasized that an independent double-blind 
study design with a proper control group will be necessary to answer the question 
whether device-guided breathing has any effect on BP (16). Secondly, the Logtenberg 
study has an important limitation with respect to the wide 95% confidence interval (-2.3; 
11. 7) of the change of systolic BP between groups. The study was powered to detect a 
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absolute reduction of 10 mm Hg in systolic BP, and the upper limit of the confidence 
interval exceeded the boundary of 10 mm Hg (in the direction in favor of the control 
group). 
At this moment, only one study with an acceptable study design showed a significant 
decrease in systolic BP in non-diabetic patients (5). The results of the two trials in 
patients with T2DM are conflicting, however, when taking the methodological quality of 
the studies into account, we have to conclude there is no basis for this treatment 
modality in diabetic patients. An independent double-blind randomized trial has to be 
performed in order to make definite and more precise conclusion about efficacy. Until 
then, we recommend not to use device-guided breathing for the treatment of 
hypertension in patients with T2DM. 
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We read the article by Welschen et al. (1) in Diabetes Care with interest. It systematically 
reviewed the effect of self-monitoring of blood glucose (SMBG) in patients with type 2 
diabetes who are not using insulin. This review is important and provides an answer to 
the extensive debate about this interesting topic. 
The same authors published a systematic review on the same topic in April 2005 in the 
Cochrane Library (2). The same articles were included in both reviews. The authors 
performed a meta-analysis in the review published in Diabetes Care and concluded that 
there is a 0.39% decrease in HbAlc (AlC) when allowing SMBG. This effect should be 
interpreted with caution because of the methodological quality of the trials as addressed 
in the "Methodological issues" section of the review. Also, in one of the two studies in 
which a statistically significant decrease of AlC was found, only the SMBG group 
received education (3). A meta-analysis from Ellis et al. (4) concluded that on average, 
the influence of education itself on AlC is ~0.32%. 
However, in the Cochrane Library review, the authors write "Because of differences in 
baseline data of the patients and type of interventions between the studies, it was not 
possible to perform either a meta-analysis and/ or subgroup or sensitivity analyses." In 
this review, they conclude "SMBG might be effective in improving glycemic control in 
patients with type 2 diabetes who are not using insulin." 
Within a few months, the authors reach different conclusions regarding methodology 
and supposed effects based on the same set of available information. Which is true: a 
clinically relevant reduction in AlC or a conclusion that SMBG might be effective in 
improving glycemic control in patients with type 2 diabetes who are not using insulin? 
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A BSTRACT 

Objective 

Whether self-monitoring of blood glucose (SMBG) improves glycemic control in 
patients with type 2 diabetes mellitus (T2DM) not using insulin is questionable. Our aim 
was to investigate the effects of SMBG in patients with T2DM not using insulin who are 
in persistent moderate glycemic control. 

Methods 

Patients were eligible when between 1 8  and 70 years of age, with an HbA1c between 7 
and 8.5%, using 1 or 2 oral blood glucose lowering agents. 
Forty-one patients were randomly assigned to receive either SMBG added to usual care 
or to continue with usual care during 1 year. A fasting glucose value and three 
postprandial glucose values were measured twice weekly (including a Saturday or a 
Sunday). The primary efficacy parameter was change in HbAlc. Furthermore, health 
related quality of life and treatment satisfaction were assessed using the short form 36 
questionnaire (SF-36), the Type 2 Diabetes Symptom Checklist (DSC-r), the Diabetes 
Treatment Satisfaction Questionnaire (DTSQ) and the WHO-wellbeing index (WHO-
5). 

Results 

Change in HbA1c between groups was -0.05% (95%CI: -0.51, 0.41 ; p=0.507). 
Also, there were no significant changes between groups on the DTSQ, the DSC-type 2, 
the WHO-5 or on the SF-36, except for the SF-36 dimension 'health change' which was 
lower in the SBMG-group (mean difference: -12 (95%CI: -20.9, -3. 1 ). 

Conclusion 

On top of the absence of a clinical benefit, tablet-treated T2DM patients experienced 
some worsening of their health perception. 
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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. For patients with type 1 diabetes, it is almost 
impossible to achieve good glycemic control without SMBG (1). In patient with type 2 
diabetes mellitus (T2DM) using insulin SMBG can also help improving glycemic control 
(2,3). 
However, there still is much debate about the use and effectiveness of SMBG in non
insulin-treated T2DM (4). A Cochrane review published in 2005 concluded that SMBG 
might be effective in improving glycemic control in patients with T2DM who are not 
using insulin, translating in a possible benefit in hemoglobin Ale (HbA1c) of 
approximately 0.39% (4,5). However, only 2 of the 6 studies included in this systematic 
review were rated as being of good methodological quality (6,7). These two studies did 
not show a beneficial effect of SMBG on glycemic control. 
Our aim was to investigate the effects of SMBG in patients with T2DM not using 
insulin, who are in persistent moderate glycemic control, on glycemic control, quality of 
life and treatment satisfaction. 
To answer our research question we designed a randomised controlled trial to compare 
SMBG use with usual care. 

METHODS 

Participants 
In 1998, in the Zwolle region (The Netherlands), the Zwolle Outpatient Diabetes 
project Integrating Available Care (ZODIAC) Study was initiated as part of a shared 
care diabetes project (8). Patients included in this shared care project were eligible for 
the present study if they met the following criteria: T2DM, 18 - 70 years of age, HbA1c 
7 - 8.5% at previous annual check-up, use of 1 or 2 different oral blood glucose 
lowering agents (moreover, when 2 oral blood glucose lowering drugs were used, they 
should not both be used at maximum dosage), oral blood glucose lowering agents were 
not changed during the past 3 months, no use of insulin, no use of devices for SMBG at 
the start of the study or in the preceding 6 months, and sufficient knowledge of the 
Dutch language to understand the requirements for the study. Eligible patient were 
asked to participate and were included in the study after written informed consent, 
whenever the HbA1c value during the current annual check-up was between 7 - 8.5% 
as well. 

Intervention 
Patients in the intervention group (SMBG group) were instructed to measure their 
blood glucose values 4 times a day (1 fasting glucose concentration and 3 post-meal 
glucose concentrations (1.5 hours after the meal), twice weekly, on one week day and 
one weekend day for a period of 1 year. Patients were requested to record these glucose 
values in a study diary. Patients in the SMBG group were all provided with a single 
glucose monitor (Accu-check Aviva, Roche Diagnostics Corp., Indianapolis, IN). No 
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further education except for handling the device was given, in order to ensure that 
besides the intervention, there were no education differences with the control group. 
Patients were taught, and could also see in their diary, which glucose values were 
considered normal or acceptable (fasting 4-8 mmol/L and postprandial 4-10  mmol/L), 
and which were abnormal. In case of blood glucose values below 3.5 mmol/L or above 
20 mmol/L, patients were instructed to evaluate their self-monitoring and to perform an 
extra measurement. When this subsequent value would again be above 20 mmol/L, the 
patient was requested to contact the study nurse (during office hours) or their general 
practitioner (outside office hours) . When the value would again be below 3.5 mmol/L, 
the patient would handle as was taught in case of hypoglycemia. 
Patients in the control group continued with usual care as provided by their own health 
care giver. No other instructions were given, except for the explicit request not to use 
any form of SMBG during the study. 
All patients continued to receive care from their own health care provider during the 
study every 3 months. Health care providers were asked not to initiate glucose lowering 
agents changes during the study period. Every 3 months HbA1 c was measured. In case 
it exceeded 8.5%, glucose lowering therapy was intensified, according to Dutch 
guidelines at the time of the study. Firstly, when possible, metformin was started or 
increased to the maximum (tolerated) dose. Secondly, when possible, a sulphonylurea 
derivate was started or increased to the maximum (tolerated) dose. Whenever a patient 
was already treated with a thiazolidinedione, the dose was increased to the maximum 
(tolerated) dose. If 2 maximally dosed oral blood glucose lowering agents were not 
sufficient to lower HbA1c below 8.5%, insulin therapy was initiated. 

Measurements 

HbA1 c levels were measured every 3 months. Furthermore, data collected at baseline 
and after 12  months included: diabetes duration, smoking with number of cigarettes, 
alcohol with number of units of alcohol, macrovascular complications (yes or no and 
date), medication, length (no shoes), weight (no shoes or coat), blood pressure, serum 
creatinine, lipid profile (non-fasting); total cholesterol, high-density lipoproteins (HDL), 
low-density lipoproteins (LDL), triglycerides, total cholesterol/HDL and urinary 
albumin/ creatinine ratio. All laboratory tests were performed in local hospital 
laboratories, where staff was unaware of treatment allocation. 
In addition, at baseline, and after 6 and 1 2  months, patients were asked to fill in a 
questionnaire containing the Dutch versions of the 36-item Short Form Health Survey 
(SF-36), the WHO five-item Wellbeing Index (WHO-5), the diabetes treatment 
satisfaction questionnaire (DTSQ) and the diabetes symptoms checklist. The SF-36 is a 
generic measure of health-related Quality of Life (HRQoL) (9-1 1) .  Two component 
summary scores can be calculated, as well as scores on 8 subscales. The WHO-5 
measures psychological well-being in the general population (12). Both test scores range 
from O to 100, with 100 representing best possible well-being. The WHO-5 is reported 
to be better in identifying depression than the mental component score (MCS) of the 
SF-36 (13) .  The DTSQ assesses treatment satisfaction over the few weeks before its 
completion (1 4) .  Each item is scored from 0 to 6 with a higher score indicating greater 
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satisfaction. The treatment satisfaction score can thus range from O (very dissatisfied) to 
36 (very satisfied). The 2 additional items measuring perceived frequency of hypo- and 
hyperglycemia are scored from O (none of the time) to 6 (most of the time). To measure 
the presence and the perceived burden of diabetes-related symptoms, the revised 
version of the type 2 Diabetes Symptom Checklist (DSC-r) was used (15). The DSC-r 
refers to the month preceding the completion of the questionnaire. It consists of 34 
items divided over 8 scales: hyperglycemic, hypoglycemic, neuropathic pain symptoms, 
sensibility symptoms, fatigue, cognitive distress, cardiovascular, and ophthalmological. 
Scores range from O to 5, with higher scores indicating more troublesome symptoms. 

Outcome 

Our pre-specified primary endpoint was HbA 1 c difference between groups. Our 
secondary endpoints were differences between groups in HRQoL measures, diabetes 
related complaints, treatment satisfaction, cumulative incidence of (necessity to start) 
insulin therapy, bodyweight and body mass index (BMI). For the primary endpoint, 
separate analyses were performed for patients who were compliant to the intervention 
(at least 80% of requested glucose measurements). 

Randomisation 

Randomisation was done using an independent third party. After inclusion and 
informed consent at the first visit, the study nurse or the investigator made a telephone 
call to a third party, who had numbers ranging from 1 to 60 in non-transparent 
envelopes, and was asked to draw an envelope. In case an uneven number was drawn, 
the patient was allocated to the intervention group who had to perform SMBG (SMBG 
group). In case of an even number, the patient was allocated to continued usual care (no 
monitoring; control group). 

Statistical analysis 

Mean HbA1c of patients with HbA1c 7 - 8.5% in our shared care diabetes project not 
using SMBG was 7.45 (standard deviation (SD) 0.38). Powered to detect a 0.39% 
absolute reduction in HbA1c in a 1 year follow-up of patients performing SMBG as 
compared to control patients, with a power 95%, alpha 0.05 2-tailed, the total sample 
size of the study should be 52. To take drop-out into account, the aim was to include 60 
patients. 
To evaluate differences in target variables over time and between the groups, we used 
the repeated measures of the general linear model (GLM) with the Greenhouse-Geiser 
test to compensate for lack of sphericity. Concerning HbA1c, in case of missing values, 
these values were imputed by the EM algorithm using the available HbA 1 c values. The 
baseline value was set as covariate. SPSS software, version 14.0, was used for all the 
analyses. 
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RESULTS 

Patients were recruited from March 2006 until October 2007. A total of 41 patients was 
included in the study and randomised (figure 1) of which 1 patient in the control group 
refused to continue the study and withdrew consent. 

included (n=41) 

I 

allocated to SMBG allocated to control 
(n=22) (n= 1 9) 

I I 
lost to follow up 

lost to follow up (n= l) 
(n=O) - 1 patient discontinued 

study 

I I 
analysed (n=22) analysed (n= 1 8) 

analysis based on analysis based on 
intention to treat principle intention to treat principle 

Figure 1. Patient disposition 

Of the 22 patients in the SMBG group, 17 (77%) performed at least 80% of the 
requested glucose registrations. Two patients performed half of the expected 
registrations, and from 3 patients no SMBG results at all were available; one of these 
patient did not perform SMBG at all, and gave as a reason that he could not find the 
time to do it, the second patient did not perform SMBG because he judged SMBG to 
difficult to perform. The third patient did not return his diary during his last visit and 
despite phone calls, letters and house visits, no contact could be established afterwards. 
Patient baseline characteristics are presented in table 1. 
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SMBG (n=22) Control (n= 1 8) 

Gender (male) 12  (55) 1 3  (72) 
Age (years) 59.5 ± 8.0 58.7 ± 7.8 
Diabetes duration (year) t 5.0 ( 4.0, 7 .0) 8.0 (3.8, 1 1 .3) 
Body Mass Index (kg/ m2) 32.7 ± 5.8 29.0 ± 4.6 
Systolic blood pressure (mm Hg) 151 ± 21 147 ± 18  
Serum creatinine (µmol/L) 93 ± 20 94 ± 22 
Cockcroft (mL/ min) t 91 (78,121 )  96 (72,1 10) 
Albumin creatinine ratio t 1 .50 (0.58,3.75) 1 .0 (0.63,3.20) 
HbA1c (%) t 7.5 (7. 1 ,7.9) 7.6 (7.3,8.1) 
Total cholesterol (mmol/L) 4.74 ± 0.93 4.69 ± 1 .36 
Cholesterol/HDL ratio 3.73 ± 0.71 4.17  ± 1 .32 
Triglycerides (mmol/L) t 2.41 ± 0.88 2. 19  ± 1 .35 
HDL (mmol/L) 1 .32 ± 0.34 1 . 17  ± 0.27 
LDL (mmol/L) 2.35 ± 0.71 2.48 ± 1 .05 
Use of 2 oral blood glucose lowering 12  (55) 12 (67) 
agents 
Macrovascular complication (yes) 6 (27) 2 (1 1 )  

Data are mean ± SD or n (% of known data) unless otherwise indicated 
t Data are median (P25,P75) 
Table 1. Baseline characteristics 

Median HbA1c levels were 7.5% and 7.6% in the SMBG and control group, 
respectively. BMI and diabetes duration were different between groups. HbA1c levels at 
different time points in the study in both groups are presented in table 2. 

Baseline 3 6 9 12  
months months months months 

SMBG 7.6 ± 7.5 ± 7.4 ± 7.5 ± 7.5 ± 
0.5 0.6 0.7 0.8 0.8 

Control 7.7 ± 7.6 ± 7.7 ± 7.6 ± 7.5 ± 
0.4 0.6 0.6 0.6 0.5 

Data are mean ± SD within groups unless otherwise indicated 
t mean difference between groups with 95% CI 
* from baseline to 1 2  months 
# p=0.507 
Table 2. HbA 1 c per treatment group 

Change Change 
within between 
groups groups 
* (95%CI)t 
-0. 1 ± -0.05 

0.9 (-0.5 1 ,  

-0. 1 ± 0.41) # 

0.8 
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After 1 2  months, HbA1c dropped 0.1 % in both groups with no significant difference 
between the SMBG and control group (-0.05% (95%CI: -0.51,  0.41 ;  p=0.507)). When 
performing this analysis in the subgroup of compliant patients, the between group 
difference was -0.04% (95%CI: -0.52, 0.45; p=0.695). In a post hoc analysis, adding 
BMI and diabetes duration as covariates (intention to treat analysis), results did not 
change (-0.07% (95%CI: -0.56, 0.43; p=0.673)). Three patients in the intervention group 
progressed to insulin therapy versus none in the control group (p=0. 103). No effects on 
BMI and weight were seen ( data not shown). 
Data concerning HRQoL outcome are presented in table 3. 
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SMBG Control 
SF-36 scale 

I 

baseline 
mean ± 
SD 

1 year 
mean ± 
SD 

baseline 1 year Change between 
mean ± mean ± groups (95%CI) 
SD SD I 

Physical 
Functionin 
Social 
Functionin 
Role limitations 
(physical 
roblem t 

Role limitations 
(emotional 
roblem 

Mental Health 

Vitality 

Bodily Paint 

General Health 

Health change 

SF-36 
C<)mponcnt 
scores 

Physical 

Mental 

73.0 ± 
24.3 
85.0 ± 
1 8.4 
75.0 
(1 8.8, 
1 00.0) 
1 00.0 
(66.7, 
1 00.0 
80.3 ± 
1 4.5 
67.2 ± 
1 7.8 
72.0 
(61 .8, 
84.0) 
62.5 ± 
1 6. 1  
48.6 ± 
1 0.4 

42.2 ± 
10.4 
55.5 ± 
7.4 

71 .3 ± 
22.6 
82.4 ± 
17. 1  
1 00.0 
(25.0, 
1 00.0) 
1 00.0 
(50.0, 
1 00.0 
78.3 ± 
1 4.4 
66.1 ± 
1 8.0 
74.0 
(51 .0, 
84.0) 
58.6 ± 
1 9.5 
44.4 ± 
1 3.7 

44.3 ± 
9.8 
53. 1 ± 
9.5 

0 (=worst health) to 100 (=best health) 
t Data are median (P25,P75) 
:j: p=0.008 

8 1 .7 ± 79.6 ± -2.2 (-12.7, 8.3) 
22.5 22.3 
83.1 ± 81 .6  ± 0.4 (-1 1 .4, 1 2. 1 )  
1 8.7 1 8.8 
1 00.0 1 00.0 -0.4 (-25.0, 24.2) 
(75.0, (37.5, 
1 00.0 1 00.0) 
1 00.0 1 00.0 -1 5.7 (-38.8, 7 .5) 
(66.7, (100.0, 
1 00.0 1 00.0 
73.2 ± 72.6 ± 1 .5 (-5.9, 8.8) 
21 .7 1 5.6 
70.0 ± 68.8 ± -1 . 1  (-1 1 . 1 ,  8 .8) 
20.8 1 8.4 
84.0 80.0 -5. 1  (-17.6, 7.5) 
(56.5, (62.0, 
1 00.0 1 00.0) 
60.9 ± 60.6 ± -3.4 (-1 3.5, 6.7) 
1 6.3 21 .7 
46.9 ± 56.3 ± -12.0 
1 8.0 1 1 .2 (-20.9, -3.1) :j: 

48.5 ± 47.9 ± -0.0 (-5.2, 5 . 1) 
1 0.6 7.9 
50.6 ± 5 1 .6 ± - 1 .4 (-6.6, 3.7) 
1 0.6 7.7 

Table 3. Health related Quality of Life scores (SF-36) per treatment group 

The non-significant small changes in the mental and physical component scores of the 
SF-36 indicate that there were no overall large differences within groups or between the 
SMBG group and the control group. Scores on the subscales of the SF-36 mostly show 
a small and non-significant worsening in the SMBG group compared to the control 
group, except for the dimension 'health change'. After 1 2  months the score on this 
subscale was 12.0 (95%CI: -20.9, -3.1) points lower in the SMBG group compared to 
control (p=0.008) . The dimension 'health change' consists of 1 item (with 5 possible 
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answers) in de questionnaire: "Compared to one year ago, how would you rate your 
health in general now?". 
In table 4, the results concerning the WHO-5 questionnaire, the DTSQ and the DSC-r 
are summarized. 

SMBG Control 
Questionnaire baseline 1 year baseline 1 year Change between 

groups (95%CI) 
WHO-5 total 68.0 ± 74.4 ± 71.0 ± 76.3 ± -0.6 (-8.2, 7.0) 
score 20.7 14.5 17.9 11.4 
DTSQ total 29.3 ± 4.8 32.1 ± 3.8 30.7 ± 4.2 30.7 ± 4.0 1.2 (-1.6, 4.1) 
score 
DTSQ hypo t 1.0 (0.0, 1.0 (0.0, 0.0 (0.0, 0.0 (0.0, 0.3 (-0.5, 1.1) 

2.5) 2.0) 1.0) 2.0) 
DTSQ hyper 2.2 ± 1.6 2.3 ± 1.9 2.6 ± 1.7 1.9 ± 1.9 0.5 (-0.8, 1.8) 
DSC-r total 0.5 (0.2, 0.4 (0.3, 0.7 (0.4, 0.9 (0.3, -0.1 (-0.5, 0.3) 
score t 1.0) 1.1) 1.0) 1.4) 
Data are mean ± SD or mean change (95% CI) unless otherwise indicated 
t Data are median (P25,P75) 
No significant differences were found. Also no significant differences were found for 
the separate 8 scales of the DSC-r (data not shown). 
Table 4. Wellbeing (WH0-5), diabetes treatment satisfaction (DTSQ) and diabetes symptoms 
(DSC-r) per treatment groitp 

DISCUSSION 

SMBG did not improve glycemic control in patients with moderately controlled type 2 
diabetes treated with oral glucose lowering agents in this study. Furthermore, SMBG did 
not have any positive effect on HRQoL, well-being, treatment satisfaction or diabetic 
symptoms. On the contrary, patients performing SMBG reported a decline in their 
health in general during the 1-year study, compared to the control group. 
After the two studies of high methodological quality which were included in the 
Cochrane review from 2005 and did not find an effect of SMBG on glycemic control, 
three other large randomised controlled trials of high methodological quality were 
published (6,7,16-19). One publication reported a positive effect of SMBG on HbA1c 
of 0.24% (95%CI: 0.03, 0.45) (18). This concerned a 27-week study in 610 patients, in 
which patients in the SMBG group were requested to perform SMBG 5 times a day 
(before each meal, 2 hours after the main meal and before bedtime), 2 days a week (one 
working and one non-working day); on top of that once a month postprandial 
measurements were taken after each meal. Unfortunately this study did not measure 
HRQoL or treatment satisfaction. The two other studies did not find an effect of 
SMBG on HbA1c (16,17). Farmer et al. compared a control group to less intensive and 
more intensive SMBG (16). Differences in HbA1c compared to the control group were 
-0.14% (95%CI: -0.35, 0.07) and -0.17% (95%CI: -0.37, 0.03), for the less intensive and 
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more intensive SMBG group, respectively (16) .  Furthermore, the health utility score as 
measured with the EuroQoL (EQ-5D) questionnaire was lower in the more intensive 
intervention group compared to the control group (1 6) .  In the study of O'Kane et al. 
the effect on HbAl c of SMBG compared to control was -0.07% (95%CI: -0.38, 0.25), 
and they reported a significantly worse outcome on the depression scale of the well
being questionnaire in the SMBG group compared to the control group (1 7). 
The 1 -year follow-up study of Farmer et al. had two different intervention groups 
(n=453) (1 6) . Patients in the less intensive intervention group (performing SMBG 3 
times a day (1 fasting and 2 pre- or postprandial values) , 2 days a week) were instructed 
to strive for preprandial glucose concentrations of 4-6 mmol/L and postprandial 
concentrations of 6-8 mmol/L. No further information about how to interpret glucose 
values was given to subjects. In addition to the care as given in the 'less intensive group', 
the more intensive group received training and support in timing, interpretation and 
using results, also to enhance motivation and maintain adherence to diet, physical 
activity and drug regimens. The more intensive group was also encouraged to 
experiment with SMBG to explore the effects of specific activities. The study of O'Kane 
et al. also had a 1 -year duration, and included 1 84 patients with new onset diabetes (17) .  
Patients in the SMBG group were requested to measure 4 fasting and 4 postprandial 
values per week and received advice on interpretation and appropriate (lifestyle) 
responses to high and low readings. 
An important limitation of our study is the sample size. We needed 52 and aimed at 60 
patients, but were only able to include 41 patients through a variety of reasons. 
Regarding our results, the 95% confidence interval is wider than the relevant difference 
of 0.39% our study was powered on, i.e. -0.51 to 0.41 ,  which means that this magnitude 
of benefit cannot be excluded in the patients performing SMBG, but also not in the 
control group. There were some reasons for not succeeding to recruit the anticipated 
sample. In 2007, out of the 1 0.403 patients between 1 8  and 70 years of age in the 
ZODIAC project, 74% had an HbAl c below 7% during their annual check-up and were 
therefore not eligible for inclusion (8) . Furthermore, many of the patients with higher 
HbAlc levels were not persistently in the HbAl c range of 7 - 8.5%, or had a maximum 
dosage of oral blood glucose lowering agents. This meant that a relatively small part of 
the population was eligible for our study. The number of eligible patients even 
decreased further because many of the patients in persistent moderate glycemic control 
in our region already performed SMBG as part of the diabetes care they received in their 
general practice. More than half of the general practices that were willing to participate 
had not one eligible patient (exact numbers unknown) . This all slowed down the 
anticipated speed of the inclusion. In 2007, we decided to stop the inclusion of new 
patients into the study because of the publication of new Dutch guidelines which were 
more strict concerning glycemic goals (HbAlc <7.0%) compared to the previous 
guidelines in which HbAlc levels between 7 - 8.5% were deemed acceptable (20) . 
SMBG can be performed in different frequencies and on many different moments 
during the day. SMBG can be performed with or without exact knowledge about the 
interpretation and use of glucose values. We instructed patients to perform 1 fasting 
glucose measurement and 3 one and a halve hour post-meal glucose measurement twice 
a week. We gave information about which values were acceptable or unacceptable, but 
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not about how to reach good control. Patients were not assisted by a health care 
provider with knowledge and advice about how to achieve glucose values in the target 
range more often. So, the SMBG performed in our study is more a structured form of 
self-measurement than self-regulation, which is more often done and easier to do in 
cooperation with patients on insulin. 
What can be regarded as a strong point of our study is that we used a form of SMBG 
which, in our opinion, reflects what happens in daily practice (however mostly pre
prandial). Furthermore, by using this study design, we were able to rule out the effects 
of education on HbA1c. The difference in intervention between the groups in our study 
is the performance of SMBG itself and not some other form of education, which in 
itself is reported to improve HbA1c with 0.32% (21). 
In conclusion, tablet-treated T2DM patients, rating their health over a 1-year period, 
experienced a worsening on the dimension 'health change' of the SF-36 when 
performing SMBG. Failing to find a clinical benefit, we conclude that there appears to 
be no evidence for a positive impact of SMBG on HRQoL or treatment satisfaction in 
T2DM patients not on insulin, although we cannot completely rule this out based on 
this study. We therefore argue that the use of SMBG in this patient group is 
questionable, and its unlimited promotion should be reconsidered. 
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A B S T R A C T  

Objective 

The effectiveness of self-monitoring of blood glucose (SMBG) in non-insulin-treated 
patients with type 2 diabetes (T2DM) remains unclear. We aimed to review the trials 
investigating the effects of SMBG in this population. 

Methods 

Medline was searched until June 29, 2009. Randomized controlled trials (RCTs) of at 
least 12 weeks duration were included. Data on the following aspects were gathered: 
patient and study characteristics, effects on HbAlc, quality of life and treatment 
satisfaction, and methodological quality. 

Results 

The search revealed 9 original RCTs. These studies were very heterogenic, and 5 
classified as of high quality. The studies with the best methodology did not show an 
effect of SMBG on HbAlc, the studies with the worst methodological quality did. Two 
out of the 4 studies which assessed quality of life showed a significant change in favor of 
the control group, 1 study showed a significant change in favor of SMBG. 

Conclusion 

We found an inverse relation between study quality and efficacy of SMBG. At this 
moment, there is no basis for a general use of SMBG in non-insulin treated T2DM 
patients. 
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INTRODUCTION 

Self-monitoring of blood glucose (SMBG) is  an important tool in  the management of 
diabetes mellitus. Patients with type 1 diabetes frequently measure their blood glucose to 
evaluate and, if necessary, to adjust insulin treatment and lifestyle, and to detect 
hypoglycemia. It is recommended that patients should measure their blood glucose at 
least 3 times daily (1). Although effectiveness of SMBG has been established for insulin
treated patients with type 2 diabetes (T2D:.M), the optimal frequency and timing of 
SMBG have not yet been established (2,3). There is still much debate about the use and 
effectiveness of SMBG in non-insulin-treated T2DM (4). Many trials have investigated 
the effects of SMBG in this specific group and many (systematic) reviews have been 
written on this topic with conflicting conclusions (5). 
In insulin-treated patients SMBG can lead to (instant) insulin dose adjustments, thereby 
improving glycemic control and/ or reducing episodes of hypoglycemia. This cascade is 
not applicable for patients not using insulin, because an instantaneously modifiable 
factor is lacking. Still, there are theoretically advantages of SMBG in this population as 
well. For instance, data of SMBG could be used during periodical consultation with the 
diabetes health care provider to start or titrate blood glucose lowering agents. 
Furthermore, based on the measured blood glucose, patients could adjust physical 
activity or food intake, or both. 
Many aspects need to be considered when evaluating the effects of SMBG in non
insulin-treated patients. Firstly, how SMBG is used depends on the patient's level of 
diabetes education. Without any knowledge of the patient about the values to strive for 
it will be merely self-measurement and health care providers are needed to interpret the 
results and give advice on how to adjust physical activity and diet. Whereas, when the 
patient is fully informed about the treatment goals and is educated about how to achieve 
these goals, SMBG could function as a tool for self-regulation. Secondly, the frequency 
of measurements varies; SMBG can be performed infrequently or each day at fixed 
times, pre- or postprandial, or both. Thirdly, the population of non-insulin treated 
T2DM patients is heterogenic and may use SMBG differently. For example, newly 
diagnosed patients, who just started a specific diet versus patients on a maximum dosage 
of oral blood glucose lowering agents, when insulin therapy will have to be the next 
step. Or patients in good glycemic versus patients in persistent poor glycemic control. 
Fourthly, in some situations the primary goal of the patient and the health care provider 
could not be to improve glycemic control with SMBG, but to improve the patient 
knowledge of diabetes and the effects of different behavior on glucose levels and 
thereby influencing non-clinical factors such as well-being and treatment satisfaction. 
Furthermore, performing SMBG includes the patient drawing blood from his or her 
finger tip regularly. This procedure can be painful or frightening and may also have its 
impact on well being on its own. 
We aimed to review trials investigating the effects of SMBG in non-insulin-treated 
patients with T2DM. We did not focus only on the effects on glycemic control, but also 
on the effects on health related quality of life and treatment satisfaction as well as on the 
methodological quality of the trials. 
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M E T H O D S  

Inclusion criteria of studies 

Randomized controlled trials (RCTs) of at least 12  weeks duration were included for this 
review. These studies should have included non-insulin-treated patients with T2DM, the 
intervention group should use SMBG and the control group should use any other form 
of measurement of glycemic control or should continue or receive usual care. Trials 
should have included measurements of glycosylated hemoglobin (HbA1c). 
Medline was searched until June 29, 2009 using PubMed with the combination of free 
text words and MeSH-terms as presented in table 1 .  

((((self-measur* OR self-monitor*) OR ("Blood Glucose Self-Monitoring" [Mesh])) 
AND (("Diabetes Mellitus"[Mesh]) OR (diabete* OR diabeti* OR diabeto*)))) AND 
(((randomized controlled trial [Publication Type] OR (randomized[Title/ Abstract] 
AND controlled[Title/ Abstract] AND trial[Title/ Abstract]))) OR systematic[sb] ) 
MeSH = "medical subject heading" 
Table 1. Medline search parameters for articles about the effect of SMBG 

Articles were selected for full text reading based on their title and abstract by two of the 
authors (N.1(. and J.H.). The references of the systematic reviews were checked for 
additional studies as well. 

Data selection 

The selected RCTs were carefully read and data on the following topics were gathered 
systematically by two of the authors (N.I(. and K.J.J.H.): patient characteristics, 
treatment modality, duration of intervention and control, type of intervention and 
control, and the number of patients in each treatment arm. Data on changes in HbA1c 
and quality of life and treatment satisfaction were extracted both within and between 
treatment groups. Methodological quality of the trials was assessed using the same 
method as Welschen et al used in their Cochrane review (4). Eleven items pertaining to 
internal validity were applied: 
1 .  Was the method of randomization adequate? 
2. Was the treatment allocation concealed? 
3. Were the groups similar at baseline regarding the most important prognostic 

indicators? 
4. Was the patient blinded to the intervention? 
5. Was the care provider blinded to the intervention? 
6. Was the outcome assessor blinded to the intervention? 
7. Were co-interventions avoided or similar? 
8. Was the compliance acceptable in all groups? 
9. Was the withdrawal/ drop-out rate described and acceptable? 
10. Was the timing of the outcome assessment in all groups similar? 
1 1 . Did the analysis include an intention-to-treat analysis? 
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Each item had a rating scale of 'yes', 'no' or 'don't know'. Studies fulfilling 6 or more of 
the 11 quality criteria were considered to be of 'high quality'. All studies scoring less 
than 6 of the criteria were rated as 'low quality'. Studies of low methodological quality 
were not excluded. 

RESU LTS 

Studies 
The initial search identified 427 publications, of which 31 papers were selected for full 
text reading based on title and abstract. These 31 studies included 17 potential 
systematic reviews and 14 potential RCTs. From the RCT selection, 1 trial was excluded 
because of the inclusion of patients using insulin (6). In 2 studies, the intervention as 
well as the control group used SMBG (7,8). For 1 study 2 references (9,10) were found 
and for another study 3 references were found (11-13). One additional RCT (14) was 
selected from the reference list of a systematic review (15). Consequently, 9 original 
RCTs were selected and will be discussed (9-14,16-21). Both authors (N.K. and J.H.) 
had the same result of the literature search. Of the 17 potential systematic reviews, 14 
references qualified (4,15,22-33). Four references, however, were all based on the 
Cochrane review of Welschen et al. (4,24,27,28). Two references were based on the 
review of Coster et al. (31,32). 

Patient characteristics and treatment modality ( see table 2) 
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1 st author, year; Schwedes 2002; Farmer 2007; Allen 1 990; Davidson 2005; 

country Germany and u1<1 1 1 3  USA16  USA1 7  

Austria9,1 0  

Previous use of No use of SMBG No use of SMBG No 

SMBG in the last 6 months twice a week or more 

over the previous 

three months 

Male (%) 52 57 1 00 26 

Age (years)• ~60 65.7 58 ~50 

(45 - 70) (�25) 

HbA1c  (%)• ~8.4 7.5 ~ 1 2.0 ~8.5 

(7.5 - 1 0) (�6.2) 

Diabetes ~5.3 3 ~7.9 ~5.6 

duration (� 0.25) 

(years)• 

BMI (kg/ m2)• ~31 .5 ~31 .3 32.5 

(>25) (weight: ~93 kg) 

Treatment Diet (?%) or diet Diet (27%) or diet Diet (1 5%) or Diet (2%) or diet 

and oral blood and oral blood diet and oral and oral blood 

glucose lowering glucose lowering blood glucose glucose lowering 

treatment (?%) . treatment (73%). lowering treatment (98%; 

treatment (85%). 14% triple therapy). 

a. Presented data are means or median with between brackets the inclusion range. 
b. Newly diagnosed patients with type 2 diabetes were included. 
Table 2. Randomized controlled trails of SMBG in patients with type 2 diabetes not using 
insulin: patient characteristics. 
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Fontbonne 1 989; 

France1 8  

? 

62 

~55 

~8.3 

~12.7 

(2: 3) 

~26.7 

Diet (?%) or diet 

and oral blood 

glucose lowering 

treatment (?%). 

Guerci 2003; 

France19  

No 

55 

~62 

(40 - 75) 

9.0 

(7.5 - 1 1) 

~8.0 

(2: 1) 

~30.1 

Oral blood 

glucose 

lowering 

treatment. 

Muchmore 1 994; 

USA2° 

No use of SMBG in 

the last 3 months 

39 

~59 

(40 - 75) 

~10.4 

(9.5 - 13.5) 

~5.5 

(2: 1) 

~34.2 

(27.5 - 44) 

Diet (26%) or diet 

and oral blood 

glucose lowering 

treatment (J4%). 

O'Kane 2008; 

UK21 

No 

60 

~59 

(<70) 

8.7 

Oh 

~33 

Newly 

diagnosed 

patients. 

Barnett 2008; Seven 

countries 14  

No current 

management with 

SMBG 

52 

~56 

(40 - 80) 

8.1 

(J - 10) 

2.8 

~30.4 

Diet (29%) for 2: 3 

months or diet and 

oral blood glucose 

lowering treatment 

(71%). 

The included trials were almost all performed in Western Europe or the United States of 
America. One study included patients from several Eastern Europe countries and from 
Malaysia and Iran (14). Except for the study of Farmer et al (11-13), all studies included 
patients in poor glycemic control indicated by HbA1c values ranging from 8.1 % to 
12.0% (mean values). The study by O'Kane et al included only patients with new onset 
diabetes (21). The duration of diabetes in the other studies ranged from 2.8 to 12.7 
years. The majority of the included patients was treated with oral blood glucose lowering 
agents. Furthermore, most patients were obese, and did not use or infrequently used 
SMBG prior to the study. 

Study characteristics ( see table 3) 
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Study 

1 st author 

/ study 

duration 

Schwedes 

/ 24 weeks 

treatment arm 

Intervention 

-SMBG 6 times a day (pre- and 1 hour postprandial values), 2 

days a week (one week day and Sunday) 

-documentation of eating habits 

-documentation of state of well-being 

-patients were explained that combined information allowed 

them to make diet and lifestyle changes in order to improve 

glycemic control 

-counseling to increase self-perception, to promote self

reflection and to enhance self-regulation 

-therapy adjustment? 

Farmer 1. less intensive 

/ 12 months -S:NIBG 3 times a day (1 fasting and 2 pre- or postprandial 

values), 2 days a week 

130 

-Strive for preprandial glucose concentrations of 4-6 mmol/1 

and postprandial 6-8 mmol/1 

-a diary was used to record goals, activities and blood glucose 

results 

-no information about how to interpret glucose values was 

given 

-therapy adjustment? 

2. more intensive 

in addition to ' 1 .  less intensive': 

-training and support in timing, interpretation and using 

results also to enhance motivation and maintain adherence to 

diet, physical activity and drug regimens 

-encouragements to experiment with SMBG to explore the 

effects of specific activity 

-therapy adjustment? 

Control 

-non-standardized 

counseling with a 

focus on diet and 

lifestyle 

-therapy adjustment? 

-HbAlc every 3 

months 

-a diary was used to 

record self-care goals 

and strategies for 

achieving them 

-usual (standardized) 

care 

-information about 

eating and physical 

activity 

-therapy adjustment? 

Number of 

patients 

Intervention 

/Control 

1 13/1 10  

1 50/151/152 



Study 

1 st author 

/ study 

duration 

Allen 

/ 6 months 

Davidson 

/ 6 months 

Fontbonne 

/ 6 months 

Self-monitoring of blood glucose in non-insulin-treated type 2 diabetes 

treatment arm 

Intervention 

-SMBG before meals every other day, at 

least 36 times a month 

-strive for glucose concentrations <7.7 

mmol/1 fasting and <8.8 mmol/1 before 

lunch and dinner 

-algorithm to adjust blood glucose lowering 

treatment 

-Instructed by dietician about diet, fiber 

intake, ideal bodyweight, activity level 

-SMBG before and between 1 - 2 hours 

after meals during 6 days a week; 2 times 

breakfast, 2 times supper and 2 times 

dinner 

-record meals 

-5 visits to dietician; education about meal 

size and components on rise of 

postprandial glucose values 

-strive for glucose concentrations <7. 15  

mmol/1 

-algorithm to adjust blood glucose lowering 

treatment 

-SMBG twice every other day; fasting and 2 

hours after dinner and on Sundays after 

lunch 

-consulting physician was allowed to adjust 

therapy 

Control 

-Urine testing before meals every other 

day, at least 36 times a month 

-strive for negative urine checks 

-algorithm to adjust blood glucose 

lowering treatment 

-Instructed by dietician about diet, fiber 

intake, ideal bodyweight, activity level 

-5 visits to dietician; education about 

meal size and components on rise of 

postprandial glucose values 

-algorithm to adjust blood glucose 

lowering treatment 

1 .  

-urine testing twice every other day; 

fasting and 2 hours after dinner and on 

Sundays after lunch 

-consulting physician was allowed to 

adjust therapy 

2. 

-every 2 months HbAlc testing with 

physician's comment about metabolic 

control to patient 

-consulting physician was allowed to 

adjust therapy 

Number of 

patients 

Intervention 

/Control 

27/27 

43/45 

68/72/68 

Table 3. Randomized controlled trails of SMBG in patients with type 2 diabetes not using 
insulin: study characteristics. 
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Study 

1 st author 

/ study 

duration 

Guerci 

/ 24 weeks 

Muchmore 

/ 44 weeks 

treatment arm 

Intervention 

-SMBG at least 6 times a week on 3 different 

days including a weekend day 

-dietary advice about ideal bodyweight 

Control 

- HbA 1 c  every 12 weeks 

-dietary advice about ideal 

bodyweight 

-walking was encouraged as a form of exercise -walking was encouraged as a form of 

-therapy adjustment? 

-SMBG: first 4 weeks: 6 times daily (pre- and 

2 hour postprandial values) 

next 16 weeks: 2 times daily (pre- and 2 hour 

postprandial values) 

last 24 weeks: individual choice 

exercise 

-therapy adjustment? 

-strive for a postprandial increase between 2.2 -received general information about 

- 3.9 mmol/1 with, if necessary, adjustment of nutrition 

carbohydrate quantity and quality or change in 

exercise timing or intensity 

-education about carbohydrate counting 

-received behavioral weight program (90 min. 

a week during the first 8 weeks). In addition, 

there were 3 and 4 sessions with a dietician 

and diabetes nurse, respectively 

-goal was to loose 0.5 - 1 .0 kg a week 

-therapy adjustment? 

-received behavioral weight program 

(90 min. a week during the first 8 

weeks). In addition there were 3 and 

4 sessions with a dietician and 

diabetes nurse, respectively 

-goal was to loose 0.5 - 1 .0 kg a week 

-therapy adjustment? 

Table 3. Continued 
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patients 

Intervention 

/Control 

345/344 
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Study 

1st author 

I study 

duration 

O'Kane 

treatment arm 

Intervention 

-SMBG 8 times a week; 4 fasting and 4 

/ 12 months postprandial values 

Barnett 

/ 27 weeks 

-received advice on interpretation and 

appropriate (lifestyle) responses to high or low 

readings 

-educational program 

-every three months visits with doctor, 

diabetes nurse and dietician 

-algorithm to adjust blood glucose lowering 

treatment 

-SMBG 5 times a day (before each meal, 2h 

after the main meal and before bedtime), 2 

days a week (one working and one non

working day). Once a month postprandial 

measurements after each meal 

-diet and lifestyle advice 

-diary was used to record symptoms of 

hypoglycemia and actions taken 

-algorithm to adjust blood glucose lowering 

treatment 

Control 

-educational program 

-every three months visits with 

doctor, diabetes nurse and dietician 

-algorithm to adjust blood glucose 

lowering treatment 

-diet and lifestyle advice 

-diary was used to record symptoms 

of hypoglycemia and actions taken 

-algorithm to adjust blood glucose 

lowering treatment 

Number of 

patients 

Intervention 

/Control 

96/88 

31 1 /299 

All studies had a duration of 24 weeks or longer, with the longest study duration being 
12 months. Studies differed substantially regarding requested number of blood glucose 
values, ranging from 6 to 42 times a week, with most studies collecting some 
postprandial values. Patients in most studies received target glucose values to strive for. 
These targets were different between studies, and more recent studies used lower target 
values. Glucose values were mostly part of collected information which was used to give 
advice on lifestyle responses. In 4 studies strict algorithms were used to adjust blood 
glucose lowering therapy (14,16,17,21). From the published data from the remaining 5 
studies it is not clear whether and if so on what basis therapy was adjusted (9-13,18-20). 
A dietician participated in most studies or specific advices about diet were given (in one 
study education about counting carbohydrates was given). Patients in the less intensive 
SMBG group of the study by Farmer et al did not receive such advice (11-13). In some 
studies much time and effort of a multidisciplinary team was invested to support the 
patient with SMBG, while in another study SMBG was given to the intervention group 
without support or education. In 2 studies, the control group performed urine testing of 
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blood glucose (16, 18). In other studies usual care was continued or  HbAlc was 
measured periodically in the control group. In the studies by Allen, Davidson, 
Fontbonne, Guerci and in the less intensive group in the study by Farmer, it appears 
that except performing SMBG or not, no differences exist between the intervention and 
control group (1 1 -13, 1 6-19) .  In other studies, the SMBG group received also additional 
information or got personal advice about diet and exercise. 

Methodological quality of studies (see table 4) 

er, 'Tl � tj 'Tl C) � 0 t:J:l 
n 

§ 
0 � 

r 
I» C: C: � n, $. ::i n, n ::i ::i &-n, 9-- o. ::r" I» � a ::i 0.. H 0 0 n, � ::i 0 ::i n, >-t 

Criteria n, 

Randomization adeguate + + + + + + + + + 
Treatment allocation + + 
concealed 
Groues similar at baseline + + + + + + + + + 
Patient blinded NA NA NA NA NA NA NA NA NA 
Care erovider blinded NA NA NA NA NA NA NA NA NA 
Outcome assessor +/?• + +/?a 
blinded 
Co-interventions avoided + + + + + + 
Comeliance acceetable + + + + 
With-drawal/ drop-out + + + + + + + + 
rate acceetable 
Timing of outcome + + + + + + + + + 
assessment similar 
Intention to treat analyses + + + + 
Total Quall!}: Score 5 (7-)8 6 7 5 5 5 (6-)7 6 
Overall 9uali!l conclusion Low Hish HiBh HiBh Low Low Low Hish HiBh 
a. Outcome assessor was only blinded for HbA 1 c. 
NA= not applicable 
Table 4. Randomized controlled trails ef SMBG in patients JVith type 2 diabetes not using insulin: 
methodological quality. 

Four studies were of low quality, 5 studies were of high quality. The studies published 
by Farmer, Davidson and O'Kane are the studies with the best methodology. However, 
all these studies had problems with the compliance of patients performing SMBG (1 1 -
1 3,17,21) .  In the study by Davidson et  al compliance was less than 50% (17). The study 
described by Farmer et al reached compliance rates of 67% and 52% in the less and 
more intensive intervention group, respectively. In the study by O'Kane et al, 34% of 
the patients performed less than 80% of the requested measurements. 
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Effects on glycemic control ( see table 5) 

Study treatment arm 

1st author Intervention Control Intervention vs. Control 

Schwedes 8.47 ➔ 7.47 8.35 ➔ 7.81 -0.46 (95%CI: -0.77, -0.11) 

Farmer 1. 7.41 ➔ 7.28 7.49 ➔ 7.49 1. -0.14 (95%CI: -0.35, 0.07) 
2. 7.53 ➔ 7.36 2. -0.17 (95%CI: -0.37, 0.03) 

Allen 12.4 ➔ 10.4 11.7 ➔ 9.7 ~0.0 (p>0.95) 

Davidson 8.5 ➔ 7.7 8.4 ➔ 7.8 -0.2 (95%CI: -1.1, 0.6) 

Fontbonne 8.2 ➔ ~7.8 1. 8.6 ➔ ~8.5 1. ~-0.2 (NS) 
2. 8.2 ➔ ~7.7 2. ~0.1 (NS) 

Guerci 9.0 ➔ 8.1 8.9 ➔ 8.4 ~-0.3 (p=0.009) 

Muchmore 10.29 ➔ 8.75 10.45 ➔ 9.6 ~-0.7 (NS) 

O'Kane 8.8 ➔ 6.9 8.6 ➔ 6.9 -0.07 (95%CI: -0.38, 0.25) 

Barnett 8.12 ➔ 6.95 8.12 ➔ 7.20 -0.24 (95%CI: -0.45, -0.03) 

Table 5. Randomized controlled trails of SMBG in patients JVith type 2 diabetes not using insulin: 
S tucfy results: H bA 1 c. 

Three studies found a significant beneficial effect on HbAlc of SMBG compared to the 
control group (9,10,19) In the study by Guerci et al HbAlc decreased from 9.0% to 
8.1 % after 6 months. This decrease in HbA 1c was ~0.3% more compared to the 
decrease in found in the control group (p=0.009) . In the study by Schwedes et al, 
HbAlc decreased from 8.5% to 7.5%, which was ~0.5% (95%CI: -0.77, -0.11) more 
compared to the control group. In the study by Barnett et al, HbA 1 c decreased from 
8.12% to 6.95%, which was 0.24% (95%CI: -0.45, -0.03) more compared to the control 
group (14). Muchmore et al found a non significant benefit of SMBG of ~0.7% (20). In 
the other studies non significant differences between SMBG and control groups were 
between -0.2% and 0.1 %. 

135 



Chapter 1 2  

Effect o n  quality of life and treatment satisfaction (see table 6) 
Study Questionnaire 

1 st 
author 
Much- Diabetes Quality-of-life 
more inventory 
Schwe- 1 .  Patient Well-being 
des questionnaire 

- General well-being (total 
score) 
- Sub item 'Depression' 

- Sub item 'Lack of well-being' 

2. Diabetes Treatment 
Satisfaction Questionnaire 
(DTSQ) 

Farmer 1 .  DTSQ 

2. W-BQ12 

3. EQ-5D 

treatment arm 

Intervention 

27.6 ➔ 31 .1  

1 .29.4 ➔ 
29.7 
2.29.7 ➔ 
30.1 
1 . 24.3 ➔ 
24.5 
2. 25.2 ➔ 
24.9 
1 .  0.781 ➔ 
0.755 
2. 0.807 ➔ 
0.733 

Control 

27.0 ➔30.6 

29.3 ➔ 30.0 

25. 1  ➔ 25.9 

0.799 ➔ 
0.798 

Intervention vs. 
Control 
NS 

NS 

Reduction in 
intervention 
compared to control 
P=0.032 
Reduction in 
intervention 
compared to control 
P=0.02 
~-0.l (P=0.9) 

NS 

NS 

-0.029 (95%CI: -
0.084, 0.025) 
-0.072 (95%CI: -
0 .127, -0.017) 

O'K.ane 1 .  Well-being questionnaire 
-depression (1 of the sub items, 6.05 (p=0.01 1) 
other NS) 
2. DTSQ NS 
3. diabetes attitude scale (3 of 7 NS 
subscales were included) 

Table 6. Randomized controlled trails of SMBG in patients ivith type 2 diabetes not using insulin: 
S tucfy results: Quality of life and treatment satisfaction. 

In 4 studies, quality of life and treatment satisfaction were assessed using questionnaires. 
In the study of Muchmore et al, no differences in quality of life were found between the 
intervention (SMBG) and control group (usual care) (20). Although no significant 
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difference was found for the total score on the patient well-being questionnaire in the 
study by Schwedes et al, 2 sub items ('depression' and 'lack of well-being') improved 
with SMBG compared to control (9,10). In contrast with these findings, 2 more recent 
trials reported that SMBG was associated with lower quality of life (11-13,21). In the 
study by Farmer et al, quality of life, as measured with the EQ-5D questionnaire, was 
lower in the more intensive intervention group compared to the control group (11-13) . 
In the study by O'Kane et al the depression scale of the well-being questionnaire was 
significantly worse in the SMBG group compared to the control group (21). No 
differences were found concerning treatment satisfaction. 

C O N C L U S I O N  

Nine RCTs investigating the efficacy of SMBG in non-insulin-treated patients with 
T2DM have been published so far (9-14,16-21). One third of the studies reported a 
positive effect of SMBG on HbA1c ranging from a 0.2% to 0.5% decrease. None of the 
studies published found a negative effect of SMBG on HbA1c. Regarding effects on 
quality of life the evidence is more conflicting. SMBG, as discussed in the introduction, 
is a complex intervention, although one can debate whether or not SMBG should be 
classified as an intervention in patients who 'only' self-monitor without any form of self
regulation. 
The differences in patient and study characteristics are distinct and complicate direct 
comparison between the studies. For example, mean HbA1c ranges from 7.5% to 12%. 
Furthermore, timing and frequency of SMBG vary widely, some studies advice patients 
which values to strive for, some studies give advice how to achieve these goals, and in 
some studies patients receive additional help from a dietician or a diabetes specialist 
nurse. These large differences in study design illustrate the many different ways that 
SMBG is integrated in the management of non-insulin-treated patients with T2DM and 
make it almost impossible to draw a single overall conclusion regarding its effectiveness. 
Regardless of the heterogeneity of the studies, it is remarkable that there is an inverse 
relationship between study quality on the one hand, and efficacy on glycemic control 
and quality of life parameters on the other hand. Only 1 study of high methodological 
quality found a significant improvement of HbA1c of 0.24% (95%CI: 0.03, 0.45) with 
SMBG compared to the control (14). The other four well designed studies found no 
effects of SMBG on glycemic control, but did report a worsening of quality of life 
parameters compared to control (11-13,16,17,21). When comparing the study by Barnett 
et al with the other well designed studies in order to find an possible explanation for the 
differences in effects on HbA1c, no major differences were found with respect to the 
used interventions. What was somewhat different in the study by Barnett et al is the 
shorter diabetes duration and the lower BMI of patients included (table 1). 
Two recent systematic reviews concluded that the effect of SMBG on HbA1c was on 
average 0.21 % and 0.22% (15,22). One may question however, whether it is justified to 
perform a meta-analysis including all the trials, keeping in mind that the benefits of 
SMBG were found primarily in low quality trials. A Cochrane review did not perform a 
meta-analysis because of the differences in study quality and because of the differences 
in baseline data of the patients and type of interventions between the studies (4,34) . 
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A collaboration of authors of previous trials will investigate whether a certain subgroup 
of patients can be found who might benefit more from SMBG than the effects found in 
the systematic reviews (5). Perhaps, a short diabetes duration and a low BMI could be 
factors as hypothesized earlier. On top of that, a large RCT will be performed in the 
Netherlands including 600 patients with non-insulin-treated T2DM, in which the 
patients will be randomized into three groups; SMBG, self measurement of urine 
glucose and control (35). Perhaps, these 2 studies will give some new perspectives about 
the usefulness of SMBG in certain subgroups of patients. Until then, we recommend 
not to generally use SMBG in a population of non-insulin-treated diabetic patients. 
Effectiveness on glycemic control has not been established, and quality of life could 
diminish. 
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1 3  Discussion 

The aim of this thesis was to investigate the efficacy of several self-care interventions in 
patients with T2DM. The four different interventions investigated are just some of the 
many different potential choices offered to patients with T2DM. 

Chromium 
Based on animal studies, case reports, and a large randomised controlled study in 
Chinese patients, chromium appeared to be a potential successful candidate for treating 
Western patients with T2DM. Based on this information, two randomised double-blind 
placebo-controlled trials were designed and performed, one in poorly controlled insulin 
resistant patients with T2DM, treated in secondary care (see chapter 3), and another in 
moderately controlled T2DM patients in primary care (see chapter 4). In both studies no 
differences were found between intervention and placebo groups regarding HbA1c or 
other studied parameters. In chapter 5 a comment is given regarding a systematic review 
that concluded that chromium can lower HbA1c by 0.6%. However, the described 
decrease in HbA1c is predominantly defined by results found in non-Western studies 
and studies of poor methodological quality. Excluding the largest study of poor quality 
in their review resulted in a pooled effect of 0.3%. When updating the literature search 
(27 August 2009) of the systemic review, one additional study was found performed in 
Thai T2DM patients, in which HbA1c dropped significantly from 10.2% to 9.5%. Based 
on the literature search and the results of the studies as presented in chapter 3 and 4, 
supplementation with chromium in Western patients with T2DM does not result in an 
improvement in glycemic control or other diabetes related parameters. 

Cinnamon 
Animal studies have shown that cinnamon supplementation results in improvement of 
glycemic control. A literature study was performed revealing three studies in humans 
with T2DM (see chapter 6). No study reported an improvement in HbA1c, and only 
one study reported an improvement of fasting glucose concentration in a group taking 
cinnamon. Updating the literature search (27 August 2009) revealed one systematic 
review and two randomized controlled trials in T2DM patients in which again no 
significant effects of cinnamon on glycemic control were found. 

Device guided breathing exercises 

Slow breathing could potentially improve blood pressure by reducing autonomic 
imbalance by increasing baroreflex sensitivity. One randomized controlled trial in 
moderately hypertensive patients with T2DM (see chapter 7) and one without T2DM 
(see chapter 8) were performed examining the effects of device guided breathing 
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exercises on blood pressure. The study in  patients without T2DM was performed to  a 
large extend, because autonomic neuropathy can be a complication of T2DM, and this 
complication can prevent a potential beneficial effect of slow breathing on blood 
pressure to occur. Therefore, this study is included in this thesis to be able to strengthen 
or weaken the findings of the study in patients with T2DM. 
Both studies did not find an effect on blood pressure compared to the control group. In 
chapter 9, the known literature regarding device guided breathing exercises was 
reviewed. Including an update of the literature search (31 August 2009), no effects of 
device guided breathing exercises were found in well designed trials in patients with 
T2DM. 

Self-measurement of blood glucose 

The efficacy of self-measurement of blood glucose (SMBG) to improve glycemic 
control is well known in patients with diabetes using insulin. However, in T2DM 
patients not using insulin, the efficacy is unclear. This was also clarified in a discussion 
with the authors of a systematic review (see chapter 1 0) .  This discussion led us to design 

and execute a randomized controlled trial in moderately controlled T2DM patients not 
using insulin in a primary care setting ( see chapter 1 1) .  SMBG did not result in an effect 
on HbA 1 c, but did result in worsening of health perception compared to control. Based 
also on a recently dated literature study (29 June 2009), we conclude that SMBG with or 
without intensive education and assistance does not result in better glycemic control, but 
could worsen quality of life (see chapter 1 2) .  

D I S C U S S I O N  O F  S T R E N G H T S 

All the trials as described in this thesis, were performed according to the best possible 
design at that time. Patients that were included in the trials represent a relevant and 
representative group of patients treated in primary and secondary care. Prior to all of 
these studies, a power calculation was made based on a difference between groups that 
would be both relevant and feasible. The primary efficacy parameters used were also 
relevant, and the study durations were long enough in order to be able to detect possible 
changes. In most studies, the different treatment groups within the studies turned out to 
be well matched regarding prognostic indicators. Co-interventions were avoided and 
successes of blinding and compliance were checked (however not directly in the 
chromium study in chapter 3) and proved to be acceptable. Except for the chromium 
study in chapter 3, intention to treat analyses were performed. The dosages used of the 
two different forms of chromium are the maximum dosages used at that time, which 
increases the possibility of finding an effect, as well as side effects. Furthermore, all trials 
were investigator initiated, and the two trials that were (partly) sponsored by the 
manufacturer (see chapter 4 and 1 1), were designed and the manuscripts were written 
without any interference of the specific manufacturer. 
For all literature studies presented in this thesis, an extensive search was performed in 
Medline using PubMed (www.pubmed.gov) . Also, these searches were updated for this 
thesis up to a recent date. Concerning chromium and SMBG, we discussed some 
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essential topics with the authors of systematic reviews, reviewing that particular subject. 
These extensive and up-to-date literature searches, the discussions in the form of 
published letters together with the five well-designed trials, enabled us to discuss and 
formulate fair and proper conclusions regarding the effects of the four interventions 
described in this thesis. 

DISCUSSION OF LIMITATIONS 

General limitations 

Important limitations in the literature studies are various types of bias. Searches were 
performed in Medline only ('Medline bias') , using the search engine PubMed 
(www.pubmed.gov). When we take the general publication bias and selective reporting 
of outcomes (outcome reporting bias) into account (1-3), about half of the published 
randomized controlled trials are not indexed in Medline. On average, the Medline results 
demonstrate more beneficial effects of the studied interventions than the results of 
studies, which are not indexed in Medline (4-6). The presented literature studies should 
not be confused with real systematic reviews, which are much more accurate and 
elaborate with regard to search strategies and data reporting (7). Systematic reviews, 
such as Cochrane Collaboration reviews (www.cochrane.org), are quite time-consuming. 
The results of the different presented literature studies should therefore be interpreted 
with some caution. 

Another limitation of 4 out of the 5 randomized controlled trials presented in this thesis 
is that these trials turned out to be 'underpowered'. In the SMBG study presented in 
chapter 11, the main cause of this 'underpowerment' is quite evident. Too few patients 
were included for reasons already discussed elaborately in chapter 11. Unfortunately, 
this is another example of Lasagna's Law. Lasagna's Law states that medical 
investigators overestimate the number of patients available for a research study. This 
seems to be a highly prevalent problem in the majority of Dutch primary care research 
studies (8,9). However, a limited number of recruited patients did not lead to 
'underpowerment' of the other three trials presented in chapter 4, 7 and 8. Before each 
trial, a power calculation was done and the power sufficiency was determined at that 
particular time. Therefore, it is not entirely fair to label the trials as 'underpowered' 
afterwards. Although the power calculation was performed according to the accepted 
standards, it was impossible to refute or nullify the null hypothesis. This could of course 
be explained by chance, but it is highly unlikely in 3 out of 4 studies (the SMBG trial in 
chapter 11 not included) with a power of 0.80, 0.95, 0.95 and 0.80. According to our 
own calculations, this chance would be 0.46%. The main reason that these three trials 
were underpowered is that the standard deviations used in the power calculation were all 
smaller than the standard deviation of the change within the intervention and control 
groups in the different studies. In most studies, the power calculation was performed 
using the expected standard deviations at baseline and a correlation of 0.5. Especially in 
the two trials with device-guided breathing exercises (chapter 7 and 8), the standard 
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deviation of systolic blood pressure at baseline was similar or even smaller compared to 
the standard deviation used in the power calculations. However, the standard deviation 
of change within the groups was much higher at the end of the studies than the standard 
deviation used for the power calculation. One explanation is the (tight) inclusion 
criterion regarding the variable that was also the primary objective: the systolic blood 
pressure. The inclusion criterion concerning systolic blood pressure was a blood 
pressure between 140 and 160 mm Hg. The mechanism responsible for this 
phenomenon is called 'restriction of range' (10). The correlation between the two 
measurements (baseline and follow-up) of the systolic blood pressure is far from 
perfect: some people with baseline values at the upper end of the blood pressure range 
(160 mmHg) will show increased values at the end of follow-up, while other people at 
the lower end of the blood pressure range (140 mmHg) will show lower values at the 
end of follow-up. By definition, this results in an increase of the standard deviation of 
the systolic blood pressure at the end of follow-up. To illustrate this phenomenon, data 
from the ZODIAC-study were used (11). Patients were selected who had a systolic 
blood pressure between 140 and 160 mmHg in 2007 (n=137). Blood pressure levels of 
2008 were used as follow-up data, and the differences in blood pressure were calculated. 
Five random samples of 15 patients were taken from these 137 patients. The standard 
deviation at baseline was 5. 9 mmHg and the standard deviation of the mean change in 
blood pressure was 15.3 mmHg. The samples have very different standard deviations; 
this appears to be due to the small size of the samples (see table 1). 

Baseline Baseline Follow- Follow- Change Change 
RR SD up RR up SD RR SD 

Sample 1 151.4 4.7 159.0 23.8 7.6 22.8 
Sample 2 148.1 7.0 148.2 17.1 0.1 15.2 
Sample 3 148.4 5.3 142.3 13.4 -6.1 14.1 
Sample 4 148.5 6.5 145.9 16.2 -2.6 15.7 
Sample 5 150.5 6.1 150.8 10.0 0.3 8.7 
Table 1. Five samples of blood pressure measurements of 15 patients (one-year foll01v-up ). 

The time between the baseline and the follow-up measurements in the table above was 
one year. This is considerably longer than the follow-up time of the device-guided 
breathing studies, which might have led to a broader range of blood pressure readings 
compared to blood pressure measurements after seven or eight weeks. This is confirmed 
by the highest SD of the change in blood pressure over time (11.3 mmHg) in one of the 
arms of the two device-guided breathing studies. 

Specific limitations 

Stu dies 1vith chromium 
As the chromium studies (presented in chapter 3 and 4) are double-blind placebo
controlled trials, these studies are properly designed and useful to examine the effects of 
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chromium on glycemic control. Nevertheless, these two studies have some limitations, 
apart from the power issues discussed earlier. 
In the first trial, no intention to treat analysis was possible. Looking at the results, this 
analysis would probably not have had much influence on the reported outcomes. Very 
poorly controlled patients treated in secondary care were examined, and these patients 
are of course not representative for the T2DM population as a whole. In the second 
trial, moderately controlled T2DM patients treated in primary care were selected. By 
using the latter selection criterion, the conclusions that chromium supplementation does 
not improve glycemic control, is more generalizable. 
There still is no adequate measure of chromium status (12), nor was the intake of 
chromium assessed in both studies in any systematic way. Because of this, a large 
number of possible hypotheses can be formulated to explain the potential ways in which 
chromium could help to improve glycemic control. 
The differences in effects between studies performed in Western populations and 
studies performed in non-Western populations are quite evident, as discussed earlier. 
The differences between the populations may be caused by differences in chromium 
status/intake and differences in methodological quality. Also, the dosages of chromium 
that were beneficial in the chromium studies performed in China and India for example, 
may be too low for patients in the Western world (13,14). The decision regarding the 
possibly appropriate dose for the patients in the second chromium trial was based on 
bioavailability data from the manufacturer of the chromium yeast (Pharma Nord, 
Sadelmagervej, Vejle, Denmark). According to their research, the bioavailability of 
chromium yeast was 2.5-fold higher than the bioavailability of chromium picolinate. 
Usually, the maximum dose of 1000 micrograms of chromium as chromium picolinate is 
used in studies. In this case, a dose of 400 microgram of chromium as chromium yeast 
was used, and this dose was also used in a previous study (15). 
To our knowledge, no information about bioavailability was published before we started 
that study. Recently, however, the bioavailability of different forms of chromium has 
been assessed in pigs (16). Compared to chromium picolinate, the relative extra increase 
in chromium concentrations in tissue with chromium yeast was only 23%. This figure is 
considerably lower than the initially suggested 250%, which increases the uncertainty 
about the proper dose of chromium when used in the form of chromium yeast. 

Stu dies with device-guided breathing exercises 
The main limitations of the two studies presented in chapter 7 and 8 are the suboptimal 
design, the intervention in the control group, and compliance. Besides these limitations, 
it is important to realize that home blood pressure measurements were performed in 
these studies, although this does not necessarily need to be a limitation. For most 
patients, daily blood pressure measurements are not part of usual care. Moreover, 
measuring blood pressure at home might already help to lower blood pressure (17,18), 
which will further hamper the possiblities to find a difference between study groups. 
To estimate our sample size, we opted for a 10 mmHg systolic difference between the 
groups in both studies. We were and are of course aware of the fact that differences 
smaller than 10 mmHg will be relevant on an epidemiological scale. 
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Regarding the design, a double-blinded trial would of course have been better than a 
single-blinded trial. Unfortunately, a properly double-blinded trial, in which neither the 
researchers nor the patients know what kind of intervention the patients are receiving, 
was beyond our means. Furthermore, the control group compared to the intervention 
group did not only differ in the assistance in reducing the respiration rate, but the two 
devices used also were different in appearance and musical tones. In a double-blinded 
trial, it would be ideal to have a control device that looks exactly the same as the 
intervention device. The only difference should be that the actual intervention device 
lowers the respiration rate to a rate below 10 breaths per minute. This issue was also 
discussed with the editors and the manufacturer of the device (1 9-21) .  As a consequence 
of this discussion, the manufacturer recently produced such a control device and made it 
available for research purposes. This device will be used in a future trial, set up at our 
diabetes centre: a double-blinded, better controlled trial with more patients (study will 
be powered based on the SD of the change in blood pressure instead of the SD of 
baseline blood pressure). 
The last limitation, 'compliance', is perhaps not a limitation of the study, but a limitation 
of the device in daily practice. Between 33% and 40% of patients did not reach the 
anticipated, sufficiently lowered breathing frequency during the 1 5-minute exercise. This 
may well have led to an underestimation of the effect of this device on systolic blood 
pressure. 

Self monitoring of blood glucose 

The popularity of SMBG was one of the main reasons why we were not able to include 
enough patients in the study presented in chapter 1 1 .  The willingness of general 
practices (and patients) to participate was high, but at least half of those practices within 
our region did not even have one single eligible patient, because these patients already 
performed SMBG. Apart from the fact that an insufficient number of patients was 
included in this study, it is important to realize what the intervention in this trial exactly 
constituted. 
When we designed the studies, there were hardly any well-designed trials that 
investigated the effects of SMBG in non-insulin-using T2DM patients (22) . As discussed 
in chapter 1 0  and 12, another problem was that the intervention strategy in most other 
studies comprised of more than just the implementation of SMBG. In addition, 
intensive education was sometimes given that was not exclusively related to SMBG 
itself. This education was given with the help of different categories of health care 
professionals. This means that other parts of an intervention strategy, like education 
itself, may have a positive effect on glycemic control (23) , thus unduly influencing the 
study results. 
This is one of the reasons why we emphasized that the intervention group in the study 
(as presented in chapter 1 1) only should and needed to be instructed on how to perform 
SMBG, and explained which values were normal or abnormal. However, SMBG is of 
course an 'intervention' (although in principle it merely is a diagnostic tool) which is 
provided to patients as part of a broader intervention strategy. A few aspects of SMBG 
have been discussed in chapter 1 2: 
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"Firstly, how SMBG is used depends on the patient's level of diabetes education. 
Without any knowledge of the patient about the values to strive for it will be merely 
self-measurement and health care providers are needed to interpret the results and give 
advice on how to adjust physical activity and diet. Whereas, when the patient is fully 
informed about the treatment goals and is educated about how to achieve these goals, 
SMBG could function as a tool for self-regulation. Secondly, the frequency of 
measurements varies; SMBG can be performed infrequently or each day at fixed times, 
pre- or postprandial, or both. Thirdly, the population of non-insulin treated T2DM 
patients is heterogenic and may use SMBG differently. For example, newly diagnosed 
patients, who just started a specific diet versus patients on a maximum dosage of oral 
blood glucose lowering agents, when insulin therapy will have to be the next step. Or 
patients in good glycemic versus patients in persistent poor glycemic control. Fourthly, 
in some situations the primary goal of the patient and the health care provider could not 
be to improve glycemic control with SMBG, but to improve the patient knowledge of 
diabetes and the effects of different behavior on glucose levels and thereby influencing 
non-clinical factors such as well-being and treatment satisfaction. Furthermore, 
performing SMBG includes the patient drawing blood from his or her finger tip 
regularly. This procedure can be painful or frightening and may also have its impact on 
well being on its own." 

This demonstrates that SMBG is not a simple one-way intervention, and that there are 
many differences between rather various groups of non-insulin-using T2DM patients. 
Besides glycemic control, there are many other outcomes which could be the primary 
aim of SMBG in specific patients, like for example: the detection of hypoglycemic 
events. In our study, we included patients in persistent moderate control. The primary 
aim was investigating the effect of SMBG on HbA1c. Blood glucose values had to be 
measured 4 times a day: 1 fasting glucose concentration and 3 postprandial glucose 
concentrations (1.5 hours after the meal). These values had to be measured twice a 
week: once on a weekday and once in the weekend for a period of 1 year. 
We assumed that if patients would measure their postprandial glucose values for a long 
period of time, and if they knew the normal range of glucose values, they should be able 
to learn the effects of different meals and different kinds of food on glucose values by 
experience. As discussed earlier, this has some methodological advantages. In theory, a 
second and third intervention group could have been added, one group with education 
without SMBG and one group with both education and SMBG. Recently, some well
designed studies have been published about other kinds of SMBG interventions in 
different populations. Thus, the effects of intervention strategies of SMBG can be 
studied in different populations of non-insulin-using T2DM patients (24-28). 
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C O N C L U S I O N  

Regarding the four different self-care interventions presented in this thesis, it can be 
concluded that there is no evidence for the general use of any of these interventions in 
Western patients with type 2 diabetes, specifically for SMBG in T2DM patients not 
using insulin. 
• Several studies have shown that supplementation with chromium did not result in 

an improvement in glycemic control or other diabetes related parameters in Western 
patients with T2DM. Furthermore, a reliable method for assessment of the 
chromium status is lacking as is sufficient information regarding the bioavailability 
of different forms of chromium. Future chromium research would greatly benefit 
when these issues would be solved. 

• At this moment, there are no good arguments to recommend or advocate the use of 
cinnamon to improve glycemic control. A sufficiently powered, well-designed study 
performed in Western Europe could give additional information to the limited 
amount of evidence. 

• Based on the presently available evidence, device-guided breathing exercises do not 
lower blood pressure (at least not to a greater extent than listening to music does) . 
The recent development of an 'ideal' control device, which we will use in a future 
study, might help to either confirm or refute this conclusion. 

• The use of SMBG as a separate tool in non-insulin-treated patients should not be 
promoted, if the aim of its use is to improve glycemic control. In most well
designed trials, there is no evidence that the use of SMBG results in improvement of 
glycemic control, and it did definitely induce a worsening in some quality of life 
parameters. 
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1 4  Recommendations 

Based on the results of the different studies and reviews 1n this thesis, some 
recommendations can be formulated: 

1 .  MORE RESEARCH IS NEEDED IN THE FIELD OF ' PASSIVE' SELF
CARE INTERVENTIONS. 

Our research group did not have the intention to investigate self-care interventions in 
order to refute their use. Initially, we were very optimistic about the effects these 
intervention could have. We were strongly motivated by the promising results from 
studies published earlier, and hoped to add evidence for such interventions in patients 
with T2DM, helping them to improve aspects of their disease. Regrettably, it has to be 
concluded from the results presented in this thesis that this hope did not materialize. 
This thesis emphasizes the need for well-designed research in the field of 'passive' self
care interventions, especially in the broad range of health claims for a broad range of 
products, in order to be able to advice our patients properly. 
Chromium research should primarily focus on establishing a method for assessment of 
the chromium status. After that, research should be done to investigate whether, and if 
so to what extent, patients are chromium deficient. If a number of patients is chromium 
deficient, the researchers need to establish which patients or patient groups are at risk 
and which of these patients could benefit from chromium supplementation. At present, 
it seems proper that no further randomized controlled trials are performed until this 
assessment issue is solved. In addition, the bioavailability of different forms of 
chromium in Western patients (compared to non-Western patients) should be 
investigated to be able to properly define a potentially effective dose. 

2 .  HEAL TH CARE PROVIDERS SHOULD STOP PROMOTING AND/OR 
SELLING UN PROVEN SELF-CARE INTERVENTIONS. 

In order to investigate the attitudes towards unproven self-care interventions of other 
groups of health care professionals, we queried pharmacists in a non-scientific way. 
Seven pharmacists (all selected from http://apotheek.startpagina.nl, section 'Apotheek 
formules') were asked whether they sold chromium and cinnamon supplements. They 
were also asked what their opinion was regarding the potentially beneficial influence of 
chromium and cinnamon on glycemic control, in combination with regular medication 
for diabetes. The majority of the pharmacists sells these chromium and cinnamon 
supplements. Some pharmacists stated that in their opinion these supplements improve 
glycemic control; only two advised against the use of the mentioned supplements. 
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The interventions studied and discussed in this thesis are frequently used by patients, 
despite the fact that there is no evidence of efficacy and that there are (potential) 
adverse effects. Moreover, they cost money. Looking at the frequent use of SMBG by 
non-insulin-using patients treated for their T2DM in general practices and the 
availability of supplements in pharmacies, health care professionals do not seem to 
discourage the use of these (and probably other unproven) self-care interventions. 
Health care providers including pharmacists should actively discourage the use of 
unproven, inefficacious and costly (self-care) interventions. 

3 .  ACTIVE SELF -CARE SHOULD BE STI M ULATED I NSTEAD OF 
PASS I VE SELF -CARE. 

Two different forms of  self-care interventions can be discerned. Firstly, there are 
interventions that require patients to actively change their habits. For example, they 
need to quit smoking, and/ or reduce their alcohol consumption (i.e. combating an 
addiction) and/ or increase physical activity, lose weight by modifying their diet, etc. In 
short: changing to a healthy lifestyle. 
Secondly, there are interventions that have a more passive character, like the 
interventions described and assessed in this thesis. If active and passive interventions are 
equally efficacious, it would probably be easier for patients to take a supplement than to 
actively change his or her lifestyle. Many patients apparently seek possibilities for 
intervention which do not require major changes in their own habits. Until now, 
however, such miraculous remedies have not materialized. This again emphasizes the 
importance of appropriate advices of health care professionals to patients. 
Gulliford wrote an editorial in the British medical journal (BMJ) in 2008, after the 
publication of two large trials showing no beneficial effects of SMBG in the same 
journal (1). He reviewed the responses on the BMJ website after the publication of these 
trials. Most responses were criticical regarding the trial's conclusions. The responses to 
this editorial were quite often very comparable to the responses to the trials. 
There are responses that health care providers have good experiences with SMBG, tried 
to explain everything that went wrong in the different studies and/ or formulated their 
own explanations why no beneficial effects were found, also emphasizing that they 
expected SMBG to be beneficial in practice. In short: experience based and expert based 
opinions prevailed over evidence in the published reactions. Beliefs and expectations 
were more important than actual results. 
The data presented in this thesis cannot give an answer to or explanation of why there is 
such a widespread use of inefficacious interventions (which - moreover - are not refuted 
by a part of health care professionals), and why well-designed trials that found 'negative' 
results are read with such scepticism. This thesis does however add further evidence to 
the arguments that 'passive' self-care interventions are - in general - ineffective. The 
following citation is the 'te deum' of Gulliford's editorial: 

"The statistician Austin Bradford Hill held as an ethical principle that health 
interventions must be evaluated before they are introduced into practice <:WW Holland, 
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personal communication, 2008). Self-monitoring of blood glucose in type 2 diabetes 
provides an example of the difficulties that arise if this principle is not followed. 
It is 25 years since the cardiologist, John Hampton, pronounced the end of clinical 
freedom, observing, "if we do not have resources to do all that is technically possible, 
then medical care must be limited to what is of proved value and the medical profession 
will have to set opinion aside." (2)" 

I would like to conclude that one should set opinion aside when there are properly 
designed and well-performed trials with clear and well defined conclusions. As health 
care professionals, we should advise our patients according to evidence, not according 
to what our own opinion is. Also, when there are interventions, of which efficacy and 
safety are not entirely certain, there quite often are other interventions, which are 
efficacious and safe and - for example in the case of the presented 'active' self-care 
interventions - they often are also a lot cheaper (although often less easy to implement). 
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1 5  Summary 

The aim of this thesis was to study the effectiveness of some of the self-care 
interventions in patients with type 2 diabetes mellitus (T2DM). The self-care 
interventions that were studied were chromium and cinnamon supplements, a device 
that aims to lower blood pressure (device guided breathing exercise), and self
measurement of blood glucose (SMBG) in T2DM patients not using insulin. Various 
current guidelines for the treatment of T2DM advice different self-care interventions (if 
applicable): quit smoking, maximize alcohol consumption, increase physical exercise, 
reduce weight, restrict sodium and improve food composition (in short: improve 
lifestyle). In addition to these well-established 'active' interventions, patients do have a 
plethora of other choices, like 'passive' self-care interventions, to improve their 
condition in many ways. As it is at this moment, evidence is lacking for many of these 
self-care interventions, of which some of the most popular are subject of this thesis. The 
different chapters will be summarized below. 

CHROMIU M 

The first intervention addressed in this thesis is trivalent chromium. In chapter 2, the 
rationale for the potential beneficial effect is discussed. Several animal studies and a case 
report on humans have shown that absence of chromium in the diet leads to diabetes, 
and that the chromium deficit is associated with insulin resistance (1,2). In these animals 
and the patient in the case report, supplementation of chromium led to normoglycemia 
without the need of any glucose-lowering therapy. At a cellular level, the role of 
chromium in glucose homeostasis has also been clarified (3). The oligopeptide apo
chromoduline (also known as apo-low-molecular-weight chromium-binding substance) 
is important for the activation of the insulin receptor. The degree of activation of the 
insulin receptor depends on the number of chromium ions bound to this peptide (with a 
minimum of 0 and a maximum of 4 ions), and this may lead to an 8-fold difference in 
insulin receptor activation (4). In a randomized controlled trial performed in Chinese 
patients with T2DM (a trial published in 1997), a first tentative conclusion about the 
effects of chromium on glycemic control was given (5). Compared to placebo, HbA1c 
dropped almost 2 percentage points after 4 months of supplementation with chromium 
picolinate. Studies performed in non-diabetic individuals showed that chromium 
supplementation resulted in a small decrease in bodyweight (6). 
Based on this trial in Chinese T2DM patients, a randomized double-blind placebo
controlled trial was designed and performed in poorly controlled, insulin-resistant 
patients with T2DM. These patients were treated in secondary care, and were using at 
least 50 units of insulin per day (see chapter 3). Sixty patients were selected, of which 53 
were randomized to receive either 1000 microgram of chromium per day, 500 
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microgram chromium per day, or placebo over a period of 6 months. Hbalc was 9.5% 
at baseline, and decreased with an average of 0.3 to 0.5% in the different groups. No 
significant differences in Hbalc levels were found between the different groups (1000 
microgram versus placebo: 0.0%, 95% confidence interval (CI): -0.8 to 0.8). There were 
also no differences found in weight, blood pressure, or lipid profile. 
A second trial was designed in order to confirm or refute this finding (see chapter 4). 
Because of possible mutagenicity, which resulted in a temporary ban of chromium 
picolinate, chromium treatment in the form of chromium yeast was used in the second 
study. A randomized, double-blind, placebo-controlled trial was designed, in which 57 
T2DM patients were treated for a period of six months with either 400 microgram of 
chromium per day or placebo. Patients were treated with oral hypoglycemic agents in 
primary care and had a baseline HbAlc between 7.0 and 8.5%. In the study period, no 
significant changes between the groups were found in HbA1C, weight, blood pressure, 
insulin resistance, body fat, and lipid profile. Compared to placebo, HbAlc increased 
with 0.24% in chromium-treated patients (95% CI: -0.06 to 0.54). 
Chapter 5 includes a response to a systematic review published in 2007 in Diabetes 
Care. This systematic review, which did not include the study discussed in chapter 4, 
concluded that chromium can decrease HbAlc levels by 0.6%. This review lacked a sub
analysis that focussed on either Western patients with T2DM or trials with a good or 
acceptable methodology. The positive effect found in this systematic review was 
predominantly caused by inclusion of the study of poor methodological quality in 
Chinese patients (5). In their response to our letter regarding this subject, excluding the 
Chinese study in their analysis (but other studies of poor methodological qualitystill left 
in the analysis), the 0.6% improvement ascribed to chromium declined to 0.3%. When 
only studies in Western populations were included in the analysis, the reduction of 0.5 
mmol/L of fasting glucose in chromium-treated patients was non-significant. 
Unfortunately, for this subgroup, results for HbA1c were not presented. 
The systematic review searched for literature published in Medline until 8 August 2006. 
In order to add more recently published articles to the discussion and summary a search 
with the following terms in the Medline database was performed (27 August 2009), 
which revealed 46 additional references: 

((chromi* OR "Chromium" [MeSH]) AND (diabeti* OR diabete* OR diabeto* OR 
"Diabetes Mellitus" [MeSH])) AND ((clinical[Title/ Abstract] AND trial[Title/ Abstract] ) 
OR clinical trials[MeSH Terms] OR clinical trial [Publication Type] OR 
random*[Title/ Abstract] OR random allocation[MeSH Terms] OR therapeutic 
use[MeSH Subheading]) 

After reading the titles and abstracts, 5 potential studies investigating the effects of 
chromium in humans with type 2 diabetes were found, excluding the article discussed in 
chapter 4 (7-1 1 ). The first study was a randomized, double-blind, placebo-controlled 
trial in which 30 Taiwanese patients with T2DM were enrolled. The patients were 
divided into three groups: a group which received placebo, a group that received 1000 
microgram of chromium ( chromium yeast) and a group that received 1000 microgram 
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of chromium together with vitamin C and vitamin E. HbA 1 c levels dropped from 
10.2% (standard deviation (SD) 0.5) to 9.5% (SD 0.2), which was a significant reduction. 
Unfortunately no between-group analyses (compared to placebo) were performed; in 
the placebo group however, HbA1c increased with 0.1 %. The other four studies did not 
include an intervention group that received chromium only. 

CINNA M ON 

In chapter 6, the results of a literature review are presented, discussing the effects of 
cinnamon on glycemic control. Cinnamon's role in glucose homeostasis in not entirely 
clear, but two possible hypotheses leading to an increased insulin receptor activity have 
been proposed. Furthermore, cinnamon may stimulate glycogen synthesis (12,13). Many 
animal studies have shown that cinnamon improves glycemic control. However, in the 5 
studies performed in humans, of which 3 were in T2DM patients, only one placebo
controlled trial found that cinnamon intake was associated with positive effects on 
fasting plasma glucose. But none of the studies reported an improvement in HbA1c. 
The only study with beneficial effects was a study performed in Pakistan (14). 
Unfortunately, the researchers did not measure HbA1c. Despite striking baseline 
differences in fasting glucose (varying from 11.4 to 16.7 mmol/L on average), neither 
correction for baseline differences nor the results of placebo-controlled analyses were 
presented. In order to review the most recent articles regarding cinnamon, the search as 
presented in chapter 6 was extended to 27 August 2009. The latest results revealed 44 
additional references. After reading the titles and abstracts, one systematic review and 
seven studies were found in which the effects of cinnamon in humans with type 2 
diabetes were investigated (15-22). Three articles were open-label trials investigating the 
effects of a single cinnamon ingestion on postprandial glucose concentrations 
(15,16,22). One study was performed in 8 healthy men in the UK. This was a single
blind, placebo-controlled, randomized cross-over study in which subjects ingested 3 
grams of cinnamon per day for a period of 14 days. After 14 days, no significant 
differences in postprandial glucose concentrations were found (18). Another study was 
performed in the USA in non-diabetic subjects with fasting glucose levels between 5.6 
and 6.9 mmol/L (17). Twenty-two subjects were randomized in a double-blind, placebo
controlled trial, in which they were given either 500 mg of cinnamon extract per day or 
placebo for a period of 12 weeks. In the cinnamon group, fasting glucose decreased 
significantly from 6.5 mmol/L to 5.9 mmol/L, whereas in the placebo group fasting 
glucose increased from 6.2 mmol/L to 6.3 mmol/L. Unfortunately, the baseline 
difference of 0.3 mmol/L was not taken into account in the statistical analyses. Also, 
two trials were found that were performed in patients with T2DM (20,21). The first of 
these two trials was a single-blind, randomized, placebo-controlled trial in 60 patients in 
Thailand (20). After 12 weeks the cinnamon group showed a 0.2% higher decrease in 
HbA1c compared to the placebo group, but this was not statistically significant. The 
second study was performed in 60 patients in the USA and had a randomized, double
blind, placebo-controlled design (21). Patients in the intervention group received 1 gram 
of cinnamon each day for a period three months. HbA 1 c in the cinnamon group 
increased 0.2% (7.2% to 7.4%), compared to 0.1 % (7.1 % to 7.2%) in de placebo group 
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(no significant difference). In the systematic review, which did not include the Thai 
study, the meta-analysis indicated that there were non-significant effects on fasting 
glucose in patients with T2DM of -1.0 mmol/L (95% CI: -2.6, 0.7) and on HbA1c of 
0.01 % (95% CI: -0.20, 0.22) (11). 

BREATHING EXCERCISES 

In chapter 7 and 8, two studies are presented in which the effects of device-guided 
breathing exercises on blood pressure were studied. The theory behind the potential 
relationship between blood pressure and breathing is, that slow and regular breathing 
enhances heart rate variability. Heart rate variability, in turn, increases baroreflex 
sensitivity (23). Increase of baroreflex sensitivity is considered to reduce autonomic 
imbalance, which is hypothesized to be an important factor in the development of 
hypertension (24,25). The first study was an 8-week, randomized, single-blind controlled 
trial. Thirty patients with T2DM and a systolic blood pressure between 140 and 160 
mmHg were assigned to either perform device-guided breathing exercises or listen to 
music on a Discman for 15 minutes per day. The device assists in reducing the breathing 
frequency by prolonging the duration of the musical tones, especially during the 
expiration phase. After 8 weeks, no significant differences were found in home and 
office blood pressure and quality of life indices between the two groups. The office 
systolic blood pressure did not increase significantly in the intervention group when 
compared to the control group: it increased with 4.7 mmHg (95% CI: -2.3, 11.7). The 
accompanying editorial pointed out that a major potential limitation of our study was 
the omission of an autonomic function measure (26). The negative results of our study 
may theoretically be caused by a high prevalence of autonomic dysfunction (a diabetes
related complication) in our study participants. Nu structured assessment of autonomic 
function was performed in this study, however. 
This has led to the design of a new study, as presented in chapter 8. The design was 
essentially the same, but the main difference was that hypertensive patients without 
diabetes were included. The results of this study were essentially the same as in the study 
with diabetic patients. When compared to the control group, there was a non-significant 
decrease of systolic blood pressure in the intervention group of 4.2 mmHg (95% CI: -
12.4; 3.9). 
In chapter 9, the efficacy of this device is reviewed. Two trials in T2DM patients have 
been published; one of these trials is presented in chapter 7. The other trial in T2DM 
patients was performed in Israel by the manufacturer of the device. The manufacturer 
concluded that, compared to the control group, the systolic blood pressure decreased 
significantly with 11.7 mmHg (27). We assessed the methodological quality of the two 
studies, and had to conclude that the Israeli study was of poor quality. 
In patients without diabetes, there is only one study of acceptable design that found a 
significant beneficial effect of device-guided breathing exercises on systolic blood 
pressure compared to the control group, i.e. 4.6 mmHg. An update of the search 
strategy, as presented in chapter 9, did not reveal any additional studies (31 August 
2009). 
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SELF- MEASUREMENT OF BLOOD GLUCOSE 

The efficacy of self-monitoring of blood glucose (SMBG), in order to improve glycemic 
control, has been established in patients with type 1 diabetes and patients with T2DM 
using insulin (28). This means insulin treatment and lifestyle can be adjusted, and 
hypoglycemic events can be detected based on SMBG data. Whether or not SMBG has 
beneficial effects on glycemic control in non-insulin-treated T2DM patients, is not clear 
(29). Chapter 10 includes a response to a systematic review published in 2005 in 
Diabetes Care, which was published almost simultaneously in the Cochrane Library (30). 
Where the authors in Diabetes Care concluded that HbA 1 c significantly decreased by 
0.39% due to the use of SMGB, their conclusions in the Cochrane review were quite 
different. In the Cochrane review, the authors concluded that SMBG may be beneficial. 
Yet, because of methodological issues, no meta-analysis was performed in this review to 
calculate an 'overall' effect of these studies. An important problem was the poor 
methodological quality of the majority of trials published at that time. In a discussion 
with the editor in chief of Diabetes Care, the editor concluded: "In my view, the 
available evidence does not show that SMBG in diabetic patients not taking insulin leads 
to lower HbA1c levels." (31). 
This motivated us to design a randomized trial. This trial is presented in chapter 11. It 
was a 1-year, randomized, controlled trial in which 41 patients were assigned to receive 
either SMBG in combination with usual care or to continue with usual care. A fasting 
glucose value and three postprandial glucose values were measured twice a week 
(including a Saturday or a Sunday). This study was performed in patients with an HbA1c 
at baseline between 7.0% and 8.5%, using 1 or 2 oral blood glucose lowering agents. 
After one year, the difference in HbA1c between the two groups was -0.05% (95% CI: -
0.51, 0.41). Furthermore, health-related quality of life (HRQoL), treatment satisfaction 
and symptoms related to type 2 diabetes were measured using different questionnaires. 
Overall, no significant differences were found between the groups, except for one item 
of the SF-36, a HRQoL questionnaire. On a scale from O to 100, the dimension 'health 
change' worsened with 12.0 when compared to the control group (95% CI: -20.9, -3.1). 
The dimension 'health change' consists of 1 question (with 5 possible answers) in the 
questionnaire and the question was: "Compared to one year ago, how would you rate 
your health in general now?". Therefore, we concluded that SMBG was not beneficial 
with respect to glycemic control, and that it worsened health perception of the 
participants. 
In chapter 12 a literature study is presented. We systematically searched Medline, as well 
as the reference lists of the trials and systematic reviews we found in the Medline search, 
to find studies investigating the effect of SMBG in non-insulin-using T2DM patients. 
After the Cochrane review, discussed earlier, only a few trials were published of good 
methodological quality. In total, 9 trials have been published, 5 of which were of good 
methodological quality. One of these 5 trials found a beneficial effect of SMBG (when 
compared to the control group) on HbA1c of -0.24% (95% CI: -0.45, -0.03). In the 
other four trials, the trial presented in chapter 11 not included, the mean non-significant 
change was between 0.0% and 0.2% in favour of SMBG. Overall, SMBG does not 
improve glycemic control in this patient category. Furthermore, quality of life was 
measured in four studies. In one study of poor methodological quality, quality of life 
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improved. In another study, it did not change, and in two studies of high 
methodological quality, quality of life worsened. These results confirm the results of our 
study as presented in chapter 11, and do not support the arguments for a general and 
unrestricted use of SMBG in non-insulin-using patients with T2DM. 

The conclusion of this thesis is that there is no evidence that supports the general use of 
any of the four studied interventions in Western T2DM patients. Chromium, cinnamon, 
a device that aims to lower blood pressure, are all unproven to be effective in patients 
with T2DM, as is SMBG in T2DM patients not using insulin. 



Summary 

REFERENCES 

1 .  Schwarz K, Mertz W. Chromium(III) and the glucose tolerance factor. Arch 
Biochem Biophys 2003;85:292-5 

2. Jeejeebhoy KN, Chu RC, Marliss EB, Greenberg GR, Bruce-Robertson A. 
Chromium deficiency, glucose intolerance, and neuropathy reversed by chromium 
supplementation, in a patient receiving long-term total parenteral nutrition. Am J 
Clin Nutt 1977;30:531-8 
Sun Y, Ramirez J, Woski SA, Vincent JB. The binding of trivalent chromium to 
low-molecular-weight chromium-binding substance (LMWCr) and the transfer of 
chromium from transferrin and chromium picolinate to LMWCr. J Biol Inorg 
Chem 2000;5: 129-36 

3. Davis CM, Vincent JB. Chromium oligopeptide activates insulin receptor tyrosine 
kinase activity. Biochemistry 1 997;36:4382-5 

4. Anderson RA, Cheng N, Bryden NA, Polansky MM:, Chi], Feng]. Elevated intakes 
of supplemental chromium improve glucose and insulin variables in individuals with 
type 2 diabetes. Diabetes 1 997;46:1786-91 

5. Pittler MH, Stevinson C, Ernst E. Chromium picolinate for reducing body weight: 
meta-analysis of randomised trials. Int J Obes Relat Metab Disord 2003;27:522-9 

6. Lai MH. Antioxidant effects and insulin resistance improvement of chromium 
combined with vitamin C and e supplementation for type 2 diabetes mellitus. J Clin 
Biochem Nutt. 2008 Nov;43(3): 191 -8. 

7. Albarracin C, Fuqua B, Geohas J, Juturu V, Finch MR, Komorowski JR. 
Combination of chromium and biotin improves coronary risk factors in 
hypercholesterolemic type 2 diabetes mellitus: a placebo-controlled, double-blind 
randomized clinical trial. J Cardiometab Syndr. 2007 Spring;2(2):91 -7. 

8. Albarracin CA, Fuqua BC, Evans JL, Goldfine ID. Chromium picolinate and biotin 
combination improves glucose metabolism in treated, uncontrolled overweight to 
obese patients with type 2 diabetes. Diabetes Metab Res Rev. 2008 Jan
Feb;24(1 ):41 -51 . 

9. Geohas J, Daly A, Juturu V, Finch M, Komorowski JR. Chromium picolinate and 
biotin combination reduces atherogenic index of plasma in patients with type 2 
diabetes mellitus: a placebo-controlled, double-blinded, randomized clinical trial. 
Am ] Med Sci. 2007 Mar;333(3): 145-53. 

10. Singer GM, Geohas J. The effect of chromium picolinate and biotin 
supplementation on glycemic control in poorly controlled patients with type 2 
diabetes mellitus: a placebo-controlled, double-blinded, randomized trial. Diabetes 
Technol Ther. 2006 Dec;8(6):636-43. 

1 1 .  Jarvill-Taylor KJ, Anderson RA, Graves DJ. A hydroxychalcone derived from 
cinnamon functions as a mimetic for insulin in 3T3-L1 adipocytes. J Am Coll Nutr. 
2001 ;20:327-36. 

1 2. Imparl-Radosevich J, Deas S, Polansky MM:, Baedke DA, Ingebritsen TS, Anderson 
RA, et al. Regulation of PTP-1 and insulin receptor kinase by fractions from 
cinnamon: implications for cinnamon regulation of insulin signalling. Horm Res. 
1 998;50:1 77-82. 



Chapter 15  

13. Khan A,  Safdar M,  Ali Khan MM, Khattak KN, Anderson RA. Cinnamon improves 
glucose and lipids of people with type 2 diabetes. Diabetes Care. 2003;26:3215-8. 

14. Solomon TP, Blannin AK. Changes in glucose tolerance and insulin sensitivity 
following 2 weeks of daily cinnamon ingestion in healthy humans. Eur J Appl 
Physiol. 2009 Apr;105(6):969-76. 

15. Hlebowicz J, Hlebowicz A, Lindstedt S, Bjorgell 0, Hoglund P, Holst JJ, 
16. Darwiche G, Almer LO. Effects of 1 and 3 g cinnamon on gastric emptying, satiety, 

and postprandial blood glucose, insulin, glucose-dependent insulinotropic 
polypeptide, glucagon-like peptide 1, and ghrelin concentrations in healthy subjects. 
Am ] Clin Nutt. 2009 Mar;89(3):815-21. 

17. Ziegenfuss TN, Hofheins JE, Mendel RW, Landis J, Anderson RA. Effects of a 
water-soluble cinnamon extract on body composition and features of the metabolic 
syndrome in pre-diabetic men and women. J Int Soc Sports Nutr. 2006 Dec 
28;3:45-53. 

18. Solomon TP, Blannin AK. Effects of short-term cinnamon ingestion on in vivo 
glucose tolerance. Diabetes Obes Metab. 2007 Nov;9(6):895-901. 

19. Baker WL, Gutierrez-Williams G, White CM, !<luger J, Coleman CI. Effect of 
cinnamon on glucose control and lipid parameters. Diabetes Care. 2008 
Jan;31 (1):41-3. 

20. Suppapitiporn S, Kanpaksi N, Suppapitiporn S. The effect of cinnamon cassia 
powder in type 2 diabetes mellitus. J Med Assoc Thai. 2006 Sep;89 Suppl 3:S200-5. 

21. Blevins SM, Leyva MJ, Brown J, Wright J, Scofield RH, Aston CE. Effect of 
cinnamon on glucose and lipid levels in non insulin-dependent type 2 diabetes. 
Diabetes Care. 2007 Sep;30(9):2236-7. 

22. Hlebowicz J, Darwiche G, Bjorgell 0, Almer LO. Effect of cinnamon on 
postprandial blood glucose, gastric emptying, and satiety in healthy subjects. Am J 
Clin Nutt. 2007 Jun;85(6):1552-6. 

23. Brook RD, Julius S. Autonomic imbalance, hypertension, and cardiovascular risk. 
Am ] Hypertens. 2000 Jun;13(6 Pt 2):112S-122S. 

24. Pitzalis MV, Mastropasqua F, Massari F, Passantino A, Colombo R, Mannarini A, 
Forleo C, Rizzon P. Effect of respiratory rate on the relationships between RR 
interval and systolic blood pressure fluctuations: a frequency-dependent 
phenomenon. Cardiovasc Res. 1998 May;38(2):332-9. 

25. Lanfranchi PA, Somers VK. Arterial baroreflex function and cardiovascular 
variability: interactions and implications. Am J Physiol Regul Integr Comp Physiol. 
2002 Oct;283(4):R815-26. 

26. Parati G, Carretta R. Device-guided slow breathing as a non-pharmacological 
approach to antihypertensive treatment: efficacy, problems and perspectives. J 
Hypertens. 2007 Jan;25(1):57-61. 

27. Schein MH, Gavish B, Baevsky T, Kaufman M, Levine S, Nessing A, Alter A. 
Treating hypertension in type II diabetic patients with device-guided breathing: a 
randomized controlled trial. J Hum Hypertens. 2009 May;23(5):325-31. 

28. Goldstein DE, Little RR, Lorenz RA, Malone JI, Nathan D, Peterson CM, Sacks 
DB. Tests of glycemia in diabetes. Diabetes Care. 2004;27(7):1761-1773. 

166 



Summary 

29. Welschen LM, Bloemendal E, Nijpels G, Dekker JM, Heine RJ, Stalman WA, 
Bouter LM. Self-monitoring of blood glucose in patients with type 2 diabetes who 
are not using insulin. Cochrane Database Syst Rev. 2005;18(2):CD005060. 

30. Welschen LM, Bloemendal E, Nijpels G, Dekker JM, Heine RJ, Stalman WA, 
Bouter LM. Self-monitoring of blood glucose in patients with type 2 diabetes who 
are not using insulin: a systematic review. Diabetes Care. 2005;28(6):1510-7. 

31. Davidson MB. Self-monitoring of blood glucose in patients with type 2 diabetes 
who are not using insulin: response to W elschen et al. and Kleefstra et al. Diabetes 
Care. 2005 Oct;28(10):2597; author reply 2597-8. 





1 6  Sarnenvatting 

De vraag, die aan dit proefschrift ten grondslag ligt, is, hoe effectief is een aantal 
zelfzorginterventies bij patienten met diabetes mellitus type 2 (T2DM). De interventies 
die zijn onderzocht zijn chroom- en kaneelsupplementen, een apparaat met als doel om 
de bloeddruk te verlagen en zelfcontrole van bloedglucosewaarden met behulp van een 
bloedglucosemeter, specifiek bij patienten met T2DM die daarvoor geen insuline 
gebruiken. De huidige richtlijnen betreffende T2DM adviseren verschillende interventies 
(indien van toepassing): het stoppen met roken, het beperken van de alcoholconsumptie 
tot 2 eenheden per dag, het intensiveren van lichaamsbeweging, het verminderen van 
het lichaamsgewicht, het beperken van natriuminname en het gezonder gaan eten. Naast 
deze 'actieve' interventies, komen patienten in aanraking met een overmaat aan andere 
mogelijkheden om zelf iets aan hun diabetes te doen, zoals ook 'passieve' vormen van 
zelfzorginterventies. Een selectie van populaire voorbeelden hiervan is onderwerp van 
studie geweest en onderdeel van het voorliggende proefschrift. De verschillende 
hoofdstukken zullen in het kort hieronder worden besproken. 

CHROOM 

De eerste interventie, die is onderzocht, is trivalent chroom. In hoofdstuk 2 wordt de 
achtergrond van de mogelijke werking, die chroom zou kunnen hebben bij patienten 
met T2DM besproken. In een onderzoek bij dieren en een individueel geval, bleek 
afwezigheid van chroom in de voeding te leiden tot het ontstaan van T2DM, omdat er 
ernstige insulineresistentie optrad (1,2). Suppletie met chroom leidde bij de dieren en de 
individuele patiente uiteindelijk tot een normoglycemie zonder het gebruik van 
bloedglucoseverlagende middelen. Op cellulair niveau is duidelijk geworden dat chroom 
een rol speelt bij de glucose homeostase (3). De oligopeptide 'apo-chromoduline' (ook 
bekend als 'apo-low-molecular-weight chromium-binding substance') is belangrijk voor 
de activatie van de insuline receptor. Voor een deel is de activatie van de insuline 
receptor afhankelijk van het aantal chroomionen dat gebonden is aan dit eiwit ( er zijn 4 
mogelijke bindingsplaatsen). De activatie kan tot een 8-voudige toename van de insuline 
receptor activatie leiden bij maximale chroombinding aan 'apo-chromoduline' (4). Uit 
een gerandomiseerde, gecontroleerde studie bij Chinese mensen met T2DM 
(gepubliceerd in 1997) kwamen de eerste, zeer bemoedigende resultaten naar voren wat 
betreft het effect van chroom op de glucose regulatie (5). In vergelijking met de 
placebogroep, daalde het HbA1c in de groep die chroompicolinaat gebruikte met bijna 2 
procentpunten. Studies bij mensen zonder diabetes lieten ook zien dat chroomsuppletie 
kan leiden tot een geringe gewichtsreductie (6) . Op basis van de studie in China werd 
een gerandomiseerde, dubbelblinde, placebogecontroleerde studie opgezet bij 
insulineresistente patienten met T2DM met een slechte glucose regulatie (zie hoofdstuk 
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3). D e  patienten stonden onder behandeling in de tweede lijn en gebruikten minimaal 50 
eenheden insuline per dag. Zestig patienten werden geselecteerd, waarvan 53 werden 
gerandomiseerd in een groep die 1 000 microgram chroom, 500 microgram chroom, of 
een placebo kreeg gedurende een periode van 6 maanden. Het HbA1c was aan het begin 
van de studie 9,5% en daalde gemiddeld met 0,3 tot 0,5% in de verschillende groepen. 
Er werden tussen de verschillende groepen geen significante verschillen gevonden (1000 
microgram versus placebo: 0,0%, 95% betrouwbaarheidsinterval (BI) : -0,8 tot 0,8) . 
Verder werden er ook geen verschillen gevonden wat betreft het gewicht, de bloeddruk 
of de vetspectrumwaarden. 
Een tweede studie werd opgezet om te onderzoeken of de resultaten van de eerste 
studie gerepliceerd zouden kunnen worden (zie hoofdstuk 4) . Vanwege vermeende 
mutagene bijwerkingen van chroompicolinaat werd dit preparaat tijdelijk van de markt 
gehaald. Daarom werd een andere chroomverbinding gebruikt voor de tweede studie, 
namelijk organisch gebonden trivalent chroom in gist. Aan deze gerandomiseerde 
dubbelblinde, placebogecontroleerde studie namen 57 patienten met T2DM deel 
gedurende een periode van 6 maanden. Patienten kregen of 400 microgram chroom of 
placebo. De patienten in deze studie werden in de eerste lijn behandeld met orale, 
bloedglucoseverlagende middelen en hadden een HbA 1 c aan het begin van de studie 
van 7,0% tot 8,5%. Betreffende HbA1 c, lichaamsgewicht, bloeddruk, insulineresistentie, 
lichaamsvet en vetspectrum werden na 6 maanden geen verschillen gevonden tussen de 
interventie- en de controlegroep. Ten opzichte van placebo steeg het HbA1 c in de 
interventie groep met 0,24% (95% BI: -0,06 tot 0,54) .  
Hoofdstuk 5 i s  een reactie op een systematische review die in 2007 i s  gepubliceerd in 
het tijdschrift 'Diabetes Care'. In deze review, waarin de studie beschreven in hoofdstuk 
4 nog niet was gei"ncludeerd, werd geconcludeerd dat chroomsuppletie het HbA1c kan 
verlagen met 0,6%. Een subanalyse, specifiek bij westerse patienten of bij studies van 
goede methodologische kwaliteit, ontbrak. Het beschreven gunstige effect kan 
voornamelijk worden verklaard door de eerder genoemde studie (van slechte 
methodologische kwaliteit) bij Chinese patienten (5) . In een reactie van de auteurs van 
de review op onze brief, presenteerden zij een subanalyse waarin de Chinese studie werd 
geexcludeerd. De veronderstelde verbetering, wat betreft het HbA 1 c, veroorzaakt door 
chroom suppletie daalde daarbij van 0,6% naar 0,3%. Echter, bij een subanalyse bij 
alleen westerse studies was de dating van het nuchtere glucose van 0,5 mmol/1 bij 
T2DM patienten, gesuppleerd met chroom ten opzichte van placebo, niet significant. Er 
werden helaas geen resultaten gepresenteerd betreffende het HbA1 c. 
De auteurs van de review hebben in Medline een zoekactie uitgevoerd tot 8 augustus 
2006. Om in staat te zijn de discussie en samenvatting aan te vullen met meer recente 
gegevens werd de volgende zoekactie in de Medline databasis uitgevoerd (27 augustus 
2009) : 
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((chromi* OR "Chromium" [MeSH]) AND (diabeti* OR diabete* OR diabeto* OR 
"Diabetes Mellitus" [MeSH])) AND ((clinical[Title/ Abstract] AND trial[Title/ Abstract] ) 
OR clinical trials[MeSH Terms] OR clinical trial[Publication Type] OR 
random*[Title/ Abstract] OR random allocation[MeSH Terms] OR therapeutic 
use[MeSH Subheadingl) 

De zoekactie leverde 46 aanvullende literatuurreferenties op. Na het lezen van de titels 
en samenvattingen bleven er 5 referenties van mogelijk geschikte studies over, exclusief 
de studie beschreven in hoofdstuk 4 (7-11). De eerste studie was een dubbelblinde, 
gerandomiseerde, placebogecontroleerde studie bij 30 Taiwanese patienten met T2DM. 
Deze patienten werden in drie groepen verdeeld, namelijk een groep die placebo, een 
groep die 1000 microgram chroom ( chroom gist) en een groep die 1000 microgram of 
chroom in combinatie met vitamine C and vitamine E ontving. Het HbA 1 c daalde 
significant in de groep die chroom ontving van 10,2% (standaard deviatie (SD) 0,5) naar 
9,5% (SD 0,2). Helaas werden er geen placebogecontroleerde analyses uitgevoerd. 
Echter, in de placebogroep steeg het HbAlc met 0,1 %. De overige 4 studies hadden 
geen interventie groep die alleen chroom ontving. 

KANEEL 

Hoofdstuk 6 bestaat uit een literatuurstudie die de effecten van kaneel op de glucose 
regulatie bespreekt. Hoewel de mogelijke rol van kaneel in de glucose homeostase niet 
geheel duidelijk is, zijn er wel twee mechanismen beschreven waarbij kaneel zou leiden 
tot een verhoogde insuline receptor activiteit en een stimulatie van de glycogeen 
synthese (12,13). Vele dierstudies, die zijn uitgevoerd, hebben laten zien dat kaneel tot 
een verbetering van de glucose regulatie leidt. In tegenstelling tot de bevindingen bij de 
dierstudies, is bij de 5 studies uitgevoerd bij mensen (waarvan 3 bij T2DM), slechts bij 
een placebogecontroleerde studie een gunstig effect van kaneel op de nuchtere 
glucoseconcentratie gevonden (14). Deze studie werd uitgevoerd in Pakistan. Helaas 
hebben de onderzoekers geen HbAlc gemeten. Bovendien hebben zij, ondanks 
opvallende verschillen in nuchtere glucosewaarden aan het begin van de studie 
(varierend van 11,4 mmol/1 tot 16,7 mmol/1), geen correctie uitgevoerd voor deze 
verschillen in hun analyses, noch hebben zij placebogecontroleerde analyses verricht. 
Om voor dit proefschrift ook recente literatuur mee te kunnen nemen, werd de 
zoekactie, zoals in hoofdstuk 6 beschreven, opnieuw uitgevoerd op 27 augustus 2009. 
Hierbij werden 44 nieuwe referenties gevonden. Na het lezen van de titels en 
samenvattingen, bleven een systematische review en 7 studies over waarin het effect van 
kaneel bij mensen met T2DM werd onderzocht (15-22). Drie studies hadden een open
label studieopzet, waarbij onderzocht werd wat eenmalige inname van kaneel voor 
effecten zou hebben op de postprandiale glucosewaarden (15,16,22). Een studie was 
uitgevoerd in Groot-Brittannie bij 8 gezonde mannen. Dit was een enkelblind, 
placebogecontroleerd, cross-over onderzoek, waarin deze mannen 3 gram kaneel 
innamen voor een periode van 14 dagen (18). Er werden geen verschillen gevonden in 
postprandiale glucoseconcentraties. In een andere studie, uitgevoerd in de VS bij 22 
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mensen zonder diabetes, maar met nuchtere glucosewaarden tussen de 5,6 en 6,9 
mmol/1, werd in een dubbelblinde, gerandomiseerde studie 500 mg kaneel extra per dag 
gedurende 12 weken vergeleken met placebo (17). In de kaneelgroep daalde de nuchtere 
glucosewaarde significant van 6,5 mmol/1 naar 5,9 mmol/1, terwijl in de placebogroep 
deze waarde steeg van 6,2 mmol/1 naar 6,3 mmol/1. Helaas is er geen correctie verricht 
voor het verschil in de waarden aan het begin van de studie tussen de groepen. Twee 
studies zijn er gevonden, die bij patienten met T2DM zijn uitgevoerd (20,21). De eerste 
is een enkelblinde, gerandomiseerde, placebogecontroleerde studie bij 60 patienten in 
Thailand (20). Het verschil van 0,2% in HbA1c dat werd gevonden in het voordeel van 
de kaneel behandelde groep was statistisch niet significant. De tweede studie werd 
uitgevoerd bij 60 patienten in de VS en had een gerandomiseerd, dubbelblind, 
placebogecontroleerd karakter (21). De patienten in de interventiegroep kregen 1 g 
kaneel oraal per dag voor de duur van drie maanden. In de interventiegroep steeg het 
HbA1c van 7,2% naar 7,4%, in vergelijking met een stijging van 7,1 % naar 7,2% in de 
placebogroep (geen significant verschil). In de systematische review, waarin de Thaise 
studie niet was gei'ncludeerd, liet de meta-analyse een effect van kaneel ten opzichte van 
placebo zien op de nuchtere glucosewaarden van -1,0 mmol/1 (95% BI: -2,6 tot 0,7) en 
op het HbA1c van 0,01 % (95% BI: -0,20 tot 0,22) (11). 

ADEMHALINGSOEFENINGEN 

Hoofdstuk 7 en 8 bevatten twee studies waarin de effecten van ademhalingsoefeningen 
met behulp van een apparaat (Resperate®) op de bloeddruk werd onderzocht. De 
achtergrond van de werkzaamheid van de Resperate® is, dat door het langzaam en 
regelmatig ademhalen de hartslagvariabiliteit toeneemt, waarmee de baroreflex 
gevoeligheid ook zou toenemen. De verbeterde autonome functie die hierdoor ontstaat 
wordt gezien als een belangrijke factor in het verbeteren van hypertensie (24,25). 
De eerste studie is een gerandomiseerde enkelblinde gecontroleerde studie. Hierin 
werden 30 mensen met T2DM ge:includeerd met een systolische bloeddruk tussen de 
140 en 160 mm Hg gedurende een periode van 8 weken. Een groep kreeg de 
Resperate® en de andere groep een discman met muziek. Hen werd gevraagd de 
ademhalingsoefeningen te volgen, clan wel muziek te luisteren gedurende 15 minuten 
per dag. De Resperate® helpt bij het vertragen van de ademhaling door in het bijzonder 
de muzikale tonen die de expiratie begeleiden heel langzaam te verlengen. Tussen de 
interventiegroep en controle groep werd na 8 weken geen verschil gevonden in zowel 
bloeddruk (zowel thuis door de patienten zelf als door de onderzoeker gemeten), als 
kwaliteit van leven parameters. Het verschil in systolische bloeddruk, als gemeten door 
de onderzoeker tussen de interventiegroep ten opzichte van de controlegroep was 4.7 
mm Hg (95% BI: -2,3 tot 11,7). Het begeleidende, redactionele commentaar in het 
tijdschrift waar deze studie is gepubliceerd, gaf aan dat het niet meten van de autonome 
functie, of daar een afgeleide van, een belangrijke beperking van onze studie was (26). 
Een hoge prevalentie autonome dysfunctie zou een oorzaak kunnen zijn voor een niet 
gevonden verschil tussen de studiegroepen. 
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Dit heeft mede geleid tot het opzetten van een tweede stu.die, zoals gepresenteerd in 
hoofdstuk 8. De opzet van deze stu.die is in essentie hetzelfde, echter in deze stu.die 
werden mensen zonder diabetes ge:includeerd. Ook de resultaten waren in essentie 
hetzelfde. Het verschil in systolische bloeddruk als gemeten door de onderzoeker tussen 
de interventiegroep ten opzichte van de controlegroep was -4.2 mm Hg (95% BI: -12.4 
tot 3.9). 
Hoofdstuk 9 is een beschouwing van de literatu.ur betreffende dit onderwerp. In de 
literatu.ur zijn twee stu.dies gevonden die bij mensen met T2DM de Resperate® hebben 
onderzocht. Een van deze stu.dies is in hoofdstu.k 7 beschreven. De andere stu.die is 
uitgevoerd door de fabrikant van de Resperate® in Israel. De conclusie van dit 
onderzoek was dat de systolische bloeddruk in de interventiegroep ten opzichte van de 
controlegroep significant daalde met 11,7 mm Hg (27). Wij hebben bij beide studies 
tevens naar de methodologische kwaliteit gekeken en hebben geconcludeerd dat de 
Israelische stu.die van slechte methodologische kwaliteit was. Bij patienten zonder 
diabetes is er maar een stu.die van goede methodologische kwaliteit die een significant 
gunstig effect heeft gevonden van de Resperate® ten opzichte van de controle groep, 
namelijk een verschil in systolische bloeddruk van 4,6 mm Hg. Een update van de 
zoekstrategie leverde geen nieuwe stu.dies op (31 augustu.s 2009). 

ZELFCONTROLE VAN BLOEDGLUCOSEWAARDEN 

Dat zelfcontrole van bloedglucosewaarden bij patienten met diabetes, die insuline 
gebruiken, een gunstig effect heeft op onder andere de glycemische regulatie is bekend 
(28). Op basis van de gemeten waarden, kunnen leefstijl en insulinedoseringen warden 
aangepast en hypoglycemieen worden gedetecteerd. Het is echter onduidelijk wat de 
effecten van zelfcontrole zijn op de glycemische regulatie bij patienten met T2DM die 
daarvoor geen insuline gebruiken (29). 
In hoofdstuk 10 staat een reactie op een systematische review gepubliceerd in het 
tijdschrift 'Diabetes Care' in 2005. Dezelfde review werd gelijktijdig gepubliceerd in de 
'Cochrane Library' (30). In het tijdschrift 'Diabetes Care' concludeerden de auteurs dat 
het HbA1c significant daalde met 0,39% als gevolg van de zelfcontrole, terwijl zij in de 
Cochrane concludeerden dat zelfcontrole misschien tot een verbetering kan leiden. J uist 
vanwege methodologische problemen werd in de Cochrane publicatie geen meta-analyse 
verricht, welke wel werd uitgevoerd in de 'Diabetes Care' publicatie. Een belangrijke 
oorzaak voor de methodologische problemen was een slechte methodologische kwaliteit 
van de meeste tot op dat moment gepubliceerde stu.dies. In de discussie, naar aanleiding 
van onze reactie, concludeerde de hoofdredacteur van 'Diabetes Care': "Naar mijn 
mening, laat het beschikbare bewijs tot op heden niet zien dat zelfcontrole van 
bloedglucosewaarden leidt tot een verbetering van het HbA1c." (31). 
Dit motiveerde ons tot het opzetten van een gerandomiseerde stu.die, welke is 
beschreven in hoofdstuk 11. Het was een 1 jaar durende gerandomiseerde, 
gecontroleerde stu.die waarin 41 T2DM patienten werden gerandomiseerd over twee 
groepen. Een groep werd gevraagd zelfcontrole uit te voeren en de andere groep 
continueerde zijn of haar gebruikelijke zorg. Zelfcontrole bestond uit het twee dagen per 
week bepalen van een nuchtere en 3 postprandiale glucosewaarden (waarvan een dag in 
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het weekend) . De deelnemende patienten hadden bij het begin een HbAl c tussen de 
7 ,0% en 8,5% en hadden als bloedglucoseverlagende medicatie 1 of 2 orale middelen. 
Het verschil in HbAl c tussen de groepen na 1 jaar was -0.05% (95% BI: -0.51 ,  0.41) .  
Tevens werden metingen verricht aangaande de kwaliteit van leven, tevredenheid van de 
behandeling en diabetes gerelateerde symptomen. Betreffende deze parameters werden 
er tussen de twee groepen geen verschillen gevonden, behalve op een dimensie van de 
SF-36 (een kwaliteit van leven vragenlijst) .  Op een schaal van O tot 1 00, verslechterde de 
dimensie gezondheidsverandering in de zelfcontrolegroep ten opzichte van de 
controlegroep met 1 2.0 (95% BI: -20.9 tot -3.1) .  De dimensie gezondheidsverandering 
bestaat uit 1 vraag met vijf mogelijke antwoorden, waarbij de vraag als volgt luidt: "Hoe 
beoordeelt u nu uw gezondheid over het algemeen, vergeleken met een jaar geleden?". 
De conclusie van onze studie was dat zelfcontrole geen gunstige effecten had op de 
glycemische regulatie, en dat het de gezondheidsperceptie verslechterde. 
Hoofdstuk 12 is een literatuurstudie, waarin in Medline systematisch is gezocht naar 
studies die het effect van zelfcontrole bij niet insulinegebruikende T2DM patienten 
hebben onderzocht. Tevens zijn de referenties van de gevonden studies en reviews 
doorzocht op potentiele, aanvullende studies. Na de Cochrane publicatie, die eerder is 
besproken (hoofdstuk 1 0), zijn er maar 5 studies gepubliceerd van goede 
methodologische k"Waliteit van de, in totaal 9 gevonden studies. Een van deze studies 
vond een gunstig effect van zelfcontrole ten opzichte van de controlegroep op het 
HbAl c, namelijk -0,24% (95% BI: -0,45 tot -0,03) . In de andere 4 studies varieerden de 
gemiddelde niet significante verschillen van 0,0% tot 0,2% in het voordeel van 
zelfcontrole. Al met al verbetert zelfcontrole de glycemische regulatie niet. In vier van 
de gevonden studies werd kwaliteit van leven gemeten, waarvan twee studies van slechte 
en twee studies van goede methodologische kwaliteit. Bij de eerste twee studies was er 
een studie die een verbetering liet zien in een enkele kwaliteit van leven parameter in de 
zelfcontrolegroep ten opzichte van de controlegroep, en de andere studie liet geen 
veranderingen zien. In de twee studies van goede methodologische kwaliteit, werd 
verslechtering gezien van een paar kwaliteit van leven parameters in de 
zelfcontrolegroep ten opzichte van controlegroep. Deze resultaten bevestigen de 
resultaten zoals gevonden in onze studie (hoofdstuk 1 1) en geven aan dat het gebruik 
van de bloedglucosemeter bij mensen met T2DM, die daarvoor geen insuline gebruiken, 
niet zinvol is om de glycemische regulatie te verbeteren. 

De conclusie van mijn dissertatie is dat er geen bewijs is dat het gebruik van de vier 
onderzochte interventies, te weten chroomsupplementen, kaneelsupplementen, een 
apparaat dat met behulp van ademhalingsoefeningen beoogt de bloeddruk te verlagen, 
en zelfcontrole van bloedglucosewaarden, leidt tot een verbetering in de behandeling 
van westerse patienten met T2DM. Voor wat de zelfcontrole betreft geldt dat specifiek 
voor de groep T2DM patienten die geen insuline gebruiken. 
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