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ABSTRACT 1 

 2 

Background 3 

The benefit of Self-monitoring of Blood Glucose (SMBG) in people with non-insulin treated 4 

type 2 diabetes remains unclear  with inconsistent evidence from randomised controlled 5 

trials fuelling the continued debate. Lack of a consistent finding has been attributed to 6 

variations in study population and design,  including the SMBG intervention. There is a 7 

growing consensus that structured SMBG, whereby the person with diabetes and health 8 

care provider are educated to detect patterns of glycaemic abnormality and take appropriate 9 

action according to the blood glucose profiles, can prove beneficial in terms of lowering 10 

HbA1c and improving overall well-being. Despite this, many national health agencies 11 

continue to issue guidelines restricting the use of SMBG in non-insulin treated type 2 12 

diabetes.  13 

 14 

Methods  15 

The SMBG Study is a 12 month, multi-centre, randomised controlled trial in people with type 16 

2 diabetes not on insulin therapy who have poor glycaemic control (HbA1c≥ 58 mmol / mol / 17 

7.5%  ). The participants will be randomised into three comparative groups: Group 1 will act 18 

as a control group and receive their usual diabetes care; Group 2 will undertake structured 19 

SMBG with clinical review every 3 months; Group 3 will undertake structured SMBG with 20 

additional monthly telecare support from a trained study nurse. A total of 450 participants will 21 

be recruited from 16 primary and secondary care sites across Wales and England. The 22 

primary outcome measure will be HbA1c at 12 months with secondary measures to include 23 

weight, BMI, total cholesterol and HbA1c levels at 3, 6 9 and 12 months. Participant well-24 

being and attitude towards SMBG will be monitored throughout the course of the study. 25 

Recruitment began in December 2012 with the last participant visit due in September 2016. 26 

 27 
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Discussion 28 

This study will attempt to answer the question of whether structured SMBG provides any 29 

benefits to people with poorly controlled type 2 diabetes who are not being treated with 30 

insulin. The data will also clarify whether the telecare support provides additional value. The 31 

overall acceptability of SMBG as a tool for self-management will be assessed.   32 

 33 

Trial Registration 34 

UKCRN 12038 (Registered March 2012).  35 

ISRCTN21390608 (Retrospectively registered 15th May 2014). 36 

 37 

KEYWORDS: Structured SMBG, type 2 diabetes, insulin naïve, randomised controlled 38 

trial 39 

 40 

BACKGROUND 41 

 42 

Self-monitoring of blood glucose (SMBG) is recommended as a core element of self-43 

management of diabetes when used appropriately following suitable training [1, 2]. In 44 

persons requiring insulin therapy, the information gained from SMBG can be used to adjust 45 

lifestyle (nutrition and physical activity) and insulin doses to optimise glycaemic control. 46 

However, the benefit of SMBG in insulin naïve type 2 diabetes has not been a consistent 47 

finding in the limited number of randomised control trials (RCTs) published to date [3-12]. 48 

Consequently,  NICE have recently issued guidelines [13] similar to the US, Canada and 49 

Australia [14], recommending limiting the use of SMBG in people with type 2 diabetes.  50 

However, current recommendations make allowances where there is evidence of 51 

hypoglycaemic episodes, the person is on oral medication that may increase their risk of 52 

hypoglycaemia while driving or operating machinery, during pregnancy, or when planning to 53 

become pregnant. If adults with type 2 diabetes are self-monitoring their blood glucose 54 
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levels, NICE now recommends a structured assessment should be carried out at least 55 

annually.  56 

 57 

The studies conducted on SMBG have varied in terms of their methodology, populations and 58 

intervention (format of SMBG). However, 'structured SMBG', involving regular ‘paired blood 59 

glucose testing’ (pre and post meal) to identify patterns of glycaemic control along with 60 

education to interpret the results and action taken to correct any abnormalities, has 61 

consistently demonstrated clear benefits with improved HbA1c and  well-being [9, 14].This 62 

approach  is now generally recommended  as the optimum method for blood glucose self- 63 

monitoring [1].  Clinical practice suggests that many with type 2 diabetes perform SMBG but 64 

do not act on the results thus underutilising its potential benefit in terms of necessary 65 

adjustment of lifestyle and/or dose of oral hypoglycaemic agents. Often, people with type 2 66 

diabetes have not had the necessary education or training to adjust their lifestyle or oral 67 

medication even if they are aware that their blood glucose results are abnormal [15].  68 

 69 

In 2014/15, NHS expenditure on blood glucose monitoring agents and devices in England 70 

was £175.2 million. This represents an increase of 23% since 2005/06 accounting for just 71 

over 20% of the total cost of diabetes treatments in England that year [16]. Despite the 72 

continued year on year rise in expenditure, HbA1c levels in people with type 2 diabetes have 73 

remained static with only approximately 66% reaching the NICE recommended target of 74 

58mmol/mol (≤7.5%) [17]. As a consequence the debate continues regarding the value of 75 

SMBG in people with type 2 diabetes who are not on insulin therapy [18-22].   76 

 77 

METHODS AND STUDY DESIGN 78 

 79 

Aim  80 
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 81 

To demonstrate that a proactive, nurse-led service, using structured SMBG, can enable 82 

poorly controlled (HbA1c≥ 58 mmol / mol / 7.5%) people with type 2 diabetes to better 83 

manage their diabetes. This is a randomised clinical trial comparing the use of structured 84 

SMBG when used alone, or with additional telecare (additional telephone support by trained 85 

nurses who will have the participants' SMBG results available via an electronic upload 86 

system) versus no SMBG in people with type 2 diabetes not on insulin therapy which will 87 

serve as the control group. Throughout the trial, the well-being and satisfaction of 88 

participants will also be evaluated.  89 

 90 

This study aims to determine if HbA1c is significantly improved at 12 months in participants 91 

who receive SMBG compared to the control group and also to determine which of the two 92 

SMBG regimens has the greater effect on reducing HbA1c. 93 

 94 

Study Design 95 

 96 

The study is an open, multi-centre, randomized controlled trial (RCT). Participants are 97 

involved for 12 months following randomisation to (1) a control group with no SMBG 98 

monitoring, (2) structured SMBG alone and (3) structured SMBG with telecare, as illustrated 99 

in the Study Design Flow Chart (Fig. 1).   100 
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 101 

 102 

Fig. 1 Study Design Flow Chart 103 

 104 

Setting and Site Selection 105 

 106 

The study is being conducted at primary and secondary care sites across Wales and 107 

England. Larger primary care (GP) practices in Wales, defined as those with a practice 108 

population greater than 9,000, with over 500 people on their Diabetes Disease Register of 109 

whom 20% or more had sub-optimal blood glucose control according to Quality and 110 

Outcomes Framework (QoF) data, were initially approached to take part in the study as 111 

recruiting sites. Smaller, research active practices were also invited to participate. 112 

Diabetologists working in secondary care across Wales were invited to be involved by 113 

working in partnership with GP practices i.e. Patient Identification Centres. In addition, two 114 

sites in England, one in primary care and the other in secondary care, expressed an interest 115 

in taking part and were accepted, making  a total of 16 centres (9 primary care sites and 7 116 

secondary care sites). 117 

 118 
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Participants 119 

 120 

Adults with established type 2 diabetes (>1 year duration) not receiving insulin therapy will 121 

be invited to take part in the study. Those recruited will meet the following inclusion / 122 

exclusion criteria: 123 

 124 

Inclusion criteria  125 

 Type 2 diabetes mellitus patients with a duration of diabetes >1 year; 126 

 Age  18 < 80 years; 127 

 HbA1c ≥58 to ≤119 mmol/mol (≥7.5% to ≤13%); 128 

 Willing and able to provide informed consent; 129 

 Access to a telephone; 130 

 Able to conduct blood glucose measurements. 131 

 132 

Exclusion criteria 133 

 Diabetes other than type 2 diabetes  or type 2 diabetes treated with insulin; 134 

 Pregnancy; 135 

 Gestational diabetes mellitus; 136 

 Severe chronic hepatic disease; 137 

 Where using SMBG is part of their routine clinical care; 138 

 Participation in any investigational drug trial within one month prior to Visit 1; 139 

 Mental condition rendering the participant unable to understand the nature, scope and 140 

possible consequences of the study; 141 

 End-stage renal disease (existing or planned dialysis or transplantation) or creatinine 142 

>150 umol/L; 143 

 Blindness or severe loss of vision in both eyes. 144 

 145 
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Written informed consent will be given by the participant before any study activities take 146 

place. People with type 2 diabetes eligible to take part in the study will receive an invitation 147 

letter from their GP or hospital consultant, along with a Participant Information Leaflet and be 148 

given an oral explanation about the study from a research professional (usually a research 149 

nurse).  150 

 151 

Diabetes Education 152 

 153 

Following recruitment to the study all participants will be asked to complete the Audit of 154 

Diabetes Knowledge (ADKnowl) questionnaire  to record their level of diabetes knowledge. 155 

Provision will be made to address any educational gaps through the use of standardised 156 

diabetes education materials. All participants will be given a copy of the Diabetes UK booklet 157 

on type 2 diabetes [23-25] that they will keep throughout the study duration  to use for their 158 

personal reference. Those in the SMBG study arms (groups 2 and 3) will also be able to 159 

refer to this booklet at clinic visits when care planning with their study nurse.   160 

 161 

Randomisation 162 

 163 

Following acceptance into the study, participants will be randomised into one of three 164 

treatment groups. The randomisation procedure uses study site and previous experience 165 

with SMBG (Yes/No) as stratifying factors, and aims to allocate approximately equal 166 

numbers of participants in the three groups overall, by site and by previous experience. 167 

Randomisation will be performed remotely by the Swansea Trials Unit (formerly West Wales 168 

Organisation for Rigorous Trials in Health and social care (WWORTH)). Randomisation will 169 

be via email using a central database. 170 

 171 

Study Visits 172 
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 173 

The study will involve six visits for those randomised to the control group and an additional 174 

seventh visit for those randomised to one of the SMBG groups to deliver the SMBG training.  175 

 176 

Visit 1 (Consent and screening visit): At this visit and prior to any participant related activity, 177 

written informed consent is provided by the participant. Demographic data (such as sex, age, 178 

employment status) will be recorded and participants will be screened against the study 179 

inclusion / exclusion criteria. A blood sample will be taken to ascertain whether the HbA1c 180 

level is within the inclusion criteria.  Following the visit all participants will be contacted to 181 

notify them of the outcome of the screening visit and those who meet the inclusion / 182 

exclusion criteria will be invited back for visit 2. 183 

 184 

Visit 2 (Baseline and randomisation visit): At visit 2 participants will be randomised into one 185 

of the three treatment groups. Participants will also be asked to complete the ADKnowl 186 

questionnaire [26] to record their current level of diabetes education. Standardised diabetes 187 

information (DUK Booklet [23-25]) will be given to all participants to take away with them. 188 

Baseline data will include collection of clinical data (e.g. height, weight, waist circumference), 189 

details of current treatment, blood sample for measurement of HbA1c and total cholesterol 190 

and participant reported outcomes (ADDQoL, EQ-5D & PHQ-9 questionnaires) [27-29]. For 191 

the SMBG groups there will also be a questionnaire assessing their attitude to SMBG.  192 

 193 

Participants in all groups will be provided with a participant diary to record any significant 194 

events, change of medication and contact with any health care professionals. 195 

 196 

Visit 2a (SMBG groups only): Participants randomised to the SMBG groups will attend an 197 

individual training session with their study nurse on blood glucose monitoring teaching them 198 

how to monitor their blood glucose levels using the Accu-Chek Aviva meter. Participants will 199 

also have the option of using the Accu-Chek 360° Diabetes Management System and Accu-200 
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Chek 360° View Paper tool (Roche Diagnostics GmbH, Mannheim, Germany). They will be 201 

taught blood glucose pattern recognition and how to use the algorithm supplied to self-adjust 202 

their lifestyle and / or treatment.   203 

 204 

Visits 3 – 6  (3, 6, 9 and 12 months after visit 2): During these visits the study nurse will carry 205 

out a review of the participant similar to Visit 2. Procedures will include collection of clinical 206 

data, details of current treatment, blood sample for measurement of HbA1c and total 207 

cholesterol, patient reported outcomes (EQ-5D & PHQ-9) and review of participant diaries. 208 

Participants will be asked to complete the ADDQoL questionnaire at visits 4 and 6 (6 and 12 209 

month follow up visits) and the ADKnowl questionnaire at visit 6 (12 month follow up visit). 210 

For those in the SMBG groups, the study nurse will review the blood glucose readings and 211 

discuss and agree a care plan for the next 3 months at each visit. . Participant diaries will be 212 

collected at the final visit. 213 

 214 

The results from the study venous blood samples taken will not be fed back to the 215 

participant, the study nurse or any member of the participant's health care team in order to 216 

keep the primary outcome measure (HbA1c) blinded across all treatment groups.  217 

 218 

The Intervention 219 

 220 

As the study nurses will vary according to their  knowledge and expertise, all will attend a 221 

standardised training programme delivered by the study team in addition to completing 222 

online training covering the safe use of non-insulin therapies in type 2 diabetes. The 223 

standardised training programme will cover the correct technique for self-monitoring blood 224 

glucose, use of the Accu-Chek 360° View Tool and Accu-Chek 360° Diabetes Management 225 

System, glycaemic pattern recognition and use of the study specific participant and clinical 226 

algorithms. Refresher training will be provided approximately every 4 months as part of the 227 

study update meetings. 228 
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 229 

Throughout the study, participants in the control group (Group 1), will receive routine care 230 

with the participant able to contact their diabetes team or GP as they would normally. Group 231 

1 participants will not be provided with a blood glucose meter and training on SMBG will not 232 

be given. Glycaemic management will be by their usual health care provider as part of 233 

routine clinical care.  234 

 235 

Participants in the SMBG alone (Group 2) and SMBG with telecare (Group 3) groups will be 236 

supplied with a blood glucose meter and instructed how to take blood glucose readings 237 

correctly. They will be taught blood glucose pattern recognition using the Accu-Chek 360° 238 

View Tool and will be offered the Accu-Chek 360° Diabetes Management System software 239 

to use at home if they wish.  Participants in the SMBG groups will be able to understand their 240 

results and will have the ability to adjust their lifestyle and / or medication based on SMBG 241 

targets using an algorithm. Actions taken in response to the blood glucose monitoring will be 242 

recorded. At each study visit glycaemic management will be based on SMBG results alone 243 

and refresher training will be given on using the blood glucose meter correctly, 244 

understanding SMBG profiles and following the algorithm. Additionally the blood glucose 245 

meter will be calibrated. 246 

 247 

In addition to the education and support given to the Group 2 participants (SMBG Alone) , 248 

Group 3 participants (SMBG with Telecare) will be in regular contact with their study nurse. 249 

Between the 3 monthly study visits the participants will verbally report or upload their SMBG 250 

results to the database (if using the software) for the nurse to review on a monthly basis. 251 

Each month, the study nurse will contact the participant by phone and review the blood 252 

glucose readings, discussing any trends of glycaemic abnormalities. A care plan is then 253 

devised and agreed with the participant for the coming month. 254 

 255 
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Initiation and adjustment of therapy will be based on the consensus statement from the 256 

ADA/EASD [30]. The aim of treatment will be to obtain HbA1c 53 mmol/mol (<7%) and 257 

fasting glucose <6.0 mmol/L and 2h post-prandial glucose <10 mmol/L. Initiation of insulin 258 

will be considered if HbA1c is 69 mmol/mol (>8.5%), however, once a participant starts on 259 

insulin they will no longer participate in the study.   260 

 261 

Blood glucose measurements will be taken on two days of every week during the study by all 262 

the participants in both SMBG groups (groups 2 & 3) which will include a weekday  and a 263 

day at the weekend. Blood glucose will be measured fasting and 2 hours after breakfast, and 264 

pre and 2 hours post the evening meal. In addition, in the week prior to clinic attendance 265 

(study visit) participants will perform a 7 point blood glucose profile (pre and 2 hours 266 

following major meals, and bedtime) on three days. At the clinic visits the meters will be 267 

downloaded and calibrated. 268 

 269 

Efficacy Measures 270 

 271 

The primary efficacy measure will be HbA1c at 12 months. 272 

 273 

Secondary efficacy measures will include HbA1c at 3, 6 and 9 months; Total cholesterol at 3, 274 

6, 9 and 12 months; Weight; BMI; Waist circumference; Hypoglycaemia (symptomatic / 275 

confirmed / nocturnal / severe - requiring third party involvement); Hyperglycaemic events; 276 

Time to insulin treatment; medication use; Health-related utility (EQ-5D), disease-specific 277 

quality of life (ADDQoL), depression score (PHQ-9) and use of health care resources; 278 

Percentage of persons achieving target of HbA1c 53 mmol/mol (≤7%); Time to reach HbA1c 279 

target; Acceptability of SMBG (measured by SMBG8/SMBG14 questionnaire).  280 

 281 

Safety Evaluations and Data Monitoring 282 
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 283 

The Data Monitoring Committee (DMC) will monitor the overall conduct of the trial, 284 

safeguarding the interests of the trial participants and assessing the safety and efficacy of 285 

the intervention. The HbA1c results reported weekly by the accredited central laboratory will 286 

be monitored by a sub-committee of the DMC to ensure any participant in the control group 287 

whose HbA1c level deteriorates by more than 15% over a 6 month period or exceeds 119 288 

mmol/mol (13%) is flagged to their GP via their local study site. The actual result will not be 289 

reported to the local study team or any member of the participant's health care team until the 290 

participant has completed the study.   291 

 292 

Sample Analysis 293 

 294 

All samples will be analysed in a central accredited diabetes laboratory, the Diabetes 295 

Research Unit Cymru laboratory based at Swansea University. HbA1c will be measured 296 

using both the Diabetes Control and Complications Trial (DCCT) aligned method and the 297 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) standardised 298 

values [31]. 299 

  300 

Statistical Analysis Plan 301 

 302 

The study will be analysed on a comparative basis. All significance tests will be two tailed 303 

and carried out at the 5% level. All available data from withdrawn subjects will be included in 304 

the analysis up to the time of withdrawal where possible. All statistical hypothesis tests will 305 

be performed at a 5% significance level.  306 

 307 

The primary objective of the trial will involve the analysis of HbA1c values at twelve months. 308 

These values will be checked for Normality, applying suitable transformations as necessary. 309 

The values will then be analysed using a general linear model with baseline values and a 310 
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nested  set of group identifiers included as explanatory covariates and factors.  The efficacy 311 

of the intervention will be assessed by appropriate hypothesis tests on parameters for group 312 

identifiers, with suitable allowance for multiple comparisons.  313 

 314 

Variables associated with secondary efficacy measures will be summarised and analysed 315 

using the approach outlined above for the primary measure, with linear models used for 316 

continuous outcomes and binary logistic regression models used for binary outcomes.  317 

 318 

Sample Size 319 

 320 

Initial sample size considerations were based on previous data in which the response within 321 

each subject group was normally distributed with standard deviation of 13 mmol/mol HbA1c 322 

(1.2%). If the true difference in the experimental and control means is 0.3%, (3 mmol/mol) 323 

(corresponding to an effect size of 0.25), we will need to study 378 experimental subjects 324 

and 189 control subjects to be able to reject the null hypothesis that the population means of 325 

the experimental and control groups are equal with probability (power) 0.8. The Type I error 326 

probability associated with this test of this null hypothesis is 0.05. In summary, allowing for 327 

up to approximately 33% drop-out (to include participants who convert to insulin), a total of 328 

850 participants are required (n=284 per treatment group).  329 

 330 

Following the recruitment of the first participants, although no formal interim analysis was 331 

proposed or undertaken, initial routine checks on data quality following recruitment of the 332 

first wave of participants provided an opportunity to review some of the assumptions 333 

underpinning our original sample size calculations. It became obvious that if we remained 334 

with our initial inclusion criteria of HbA1c ( ≥64 mmol/mol / ≥8%  to  ≤97 mmol/mol / ≤11%) a 335 

large number of participants would be missed. We therefore modified the criteria to ≥ 58 336 

mmol/mol (7.5%) to ≤ 119 mmol/mol (13%). The review also showed that, first, the drop-out 337 
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rate was likely to be smaller than originally expected and, second, that our original estimate 338 

of an effect size of 0.25 seemed to be conservative, with evidence to support increasing this 339 

to 0.333. 340 

 341 

With all other elements in sample size considerations held fixed, the combined effect of 342 

these changes means that a total sample size of between n=398 and n=424 would be 343 

sufficient to achieve the study aims. Our revised target is now 450 (n=150 per treatment 344 

group), which is higher and enables us to be confident that the proposed sample size will 345 

prove to have sufficient statistical power for our planned analyses and reports.  346 

  347 

DISCUSSION 348 

 349 

The debate still continues regarding the effectiveness and value for money of SMBG in 350 

people with type 2 diabetes who are not receiving treatment with insulin. A number of 351 

diabetes disease management programmes have been developed with emerging 352 

technologies supporting patient-management processes. Internet based systems where 353 

patients upload blood glucose results which are reviewed by health care professionals 354 

(HCPs) have been shown to improve diabetes control over a short term [32]. In this 355 

randomised clinical trial, we intend to assess structured SMBG in this population by 356 

comparing no SMBG monitoring (control), SMBG alone, and SMBG with telecare. This paper 357 

summarises the current approved protocol in use at 16 participating centres across Wales 358 

and England.  359 

 360 
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