Two hypoglycaemia packs containing novel glucose treatments compared with conventional treatment of mild-to-moderate hypoglycaemia in conscious patients with diabetes mellitus in a general medical ward – a pilot study
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3  Abstract
Design:


Parallel-group, randomised clinical trial – a pilot study undertaken as an innovation project.
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Aims/Objectives:
This three-arm study performed in a public hospital general medical ward compared the conventional treatment for hypoglycaemia (3 La-Vita tabs and a CHO snack) with two novel ‘Hypo pack’ treatments: Hypo pack A containing Blackcurrant “Twist” drink (16g CHO) and two Ernest Adams cookies (average 16g CHO); Hypo pack B containing Carrero gel (18g CHO) and two Ernest Adams cookies.  The primary outcome was response to therapy assessed as CBG 10 minutes after first treatment. Secondary outcomes included; quantification of frequency of hypoglycaemia in a medical ward, quantification of how many consecutive treatments (3 La-Vita tabs, Blackcurrant “Twist” drink or Carrero gel) are required to correct hypoglycaemia; patient and staff appraisal of the user-friendliness of the products.  The Hypoglycemic incidence and treatment dispensation were also obtained from the Pyxis machine in the post-trial auditing
Method:

Eligible patients were randomised to one of three study treatment groups (conventional, Hypo pack A, Hypo pack B) at the first hypoglycaemic event.  Participants received the same treatment for all subsequent hypoglycaemic events.  

Results:

One-hundred-and-forty-eight patients consented for the Hypo pack research, 8 declined. 113 patients did not experience hypoglycaemia. 35 patients did experience hypoglycaemia, 11 patients had CBG data (with 3 being violators), 34 patients completed a post-treatment survey.  34 nurses completed pre-trial surveys and 23 nurses completed post-trial surveys.  Hypo pack A had the highest mean CBG 10 minutes after the initial glucose treatment in comparison to the two other arms (4.7mmol/L vs. Hypo pack B 3.9mmol/L vs. La-Vita tabs 4.4mmol/L).  With violators excluded, Hypo pack A also had the highest mean CBG  10 minutes after the initial glucose treatment in comparison to the two other arms (4.7mmol/L (SD:0.4) vs. Hypo pack B 3.9mmol/L (SD:0.6) vs. Vita tabs 4.4mmol/L (SD:1.6)).  Hypo pack A also had the highest mean CBG calculated from the CBG after initial glucose treatment and CBG after carbohydrate treatment (7.8mmol/L (SD:1.0) vs. Hypo pack B 5.3mmol/L (SD: 0.7) vs. La-Vita tabs 4.6mmol/L (SD: 0.4)).  Comparison of appraisals completed by nursing staff, with regard to characteristics of the treatments, demonstrated equal preference for Blackcurrant “Twist” juice and La-Vita tabs. Nurses felt more confident treating hypoglycaemia after using the hypo packs (82.4% pre-trial vs. 91.3% post-trial).   Nurses believed La-Vita tabs were more likely to cause swallowing difficulties (La-Vita tabs 43.4% vs. Carrero gel 34.7% vs. Blackcurrant “Twist” drink 21.7%).  Comparison of appraisals completed by patients from each arm of the study, with regard to characteristics of the treatments, demonstrated a preference for Hypo pack A containing Blackcurrant “Twist” drink.  The Pyxis audit demonstrated that on average 7 patients required a hypoglycaemic treatment each week and 2 hypoglycaemic treatments were required to treat each hypoglycaemic event.  
Conclusion:
In this study, a hypoglycaemic pack containing Blackcurrant “Twist” Drink (16g CHO) and two Ernest Adams cookies (average 16g CHO) demonstrated potentially better efficacy and highest preference of client choice for the treatment of mild-moderate hypoglycaemia.  It is recommended to use it as the hypoglycaemic treatments for hospitalized patients before further evaluation of more patients in a future audit or research project.
4  Research Report

4.1   Introduction/Rationale

Hypoglycaemia, especially in people with diabetes using insulin or oral hypoglycaemic agents, is the limiting factor in achieving optimal glycaemic control. In hospital, this is even more challenging. Patients may experience hypoglycaemia in hospital in association with an altered nutritional state, heart failure, renal or liver disease, malignancy, infection or sepsis. Hence it is vital for health professionals to   identify an optimal treatment for hypoglycaemia.  If inappropriately treated, it may result in rebound hyperglycaemia or contribute to mortality. 

The American Diabetes Association (2009) recommends glucose (15-20g) as the preferred treatment for conscious individuals with hypoglycaemia.  If capillary blood glucose (CBG) level 15 minutes after treatment demonstrated continued hypoglycaemia, the treatment glucose treatment should then be repeated.  Once the CBG returns to normal (more than 4mmol/L), the individual should then consume a meal or snack containing carbohydrate (CHO) to prevent recurrence of hypoglycaemia. (American Diabetes Association, 2009).

Whitiora diabetes team conducted an assessment using the validated diabetes Knowledge Self-assessment questionnaires on ward 33 staff nurses in early 2009. The results showed 90% of the nurses were able to identify hypoglycaemia symptoms and 72% were able to state the correct treatment of mild-to-moderate hypoglycaemia. 

This was followed up by a survey by the diabetes dietitians in March 2009, regarding the need to develop a hypoglycaemia treatment pack. This survey included questions on the knowledge and practices of hypoglycaemia treatment. The result showed inconsistency with hypoglycaemia treatment practices and CMDHB guidelines were not always followed. Some of the practices were also unsafe. Furthermore, most of the respondents also suggested the need to change La-Vita tabs as the standard treatment. The main reasons included La-Vita tabs being difficult to swallow and unpalatable for most patients, especially the elderly. All the respondents to the survey fully/unanimously supported the development of a hypoglycaemia treatment pack. 

Little is known about the incidence of hypoglycaemic episodes in inpatients in New Zealand.  However, overseas studies suggested the incidence of hypoglycaemia may be common in hospitalised patients.  Of 2174 patients who received anti-hyperglycaemic agents in a large hospital, 9.5% experienced 484 hypoglycaemic episodes over a three month period (Varghese et al., 2007).  In a review by Anthony (2008) the incidence of hypoglycaemia in hospitalised adults ranged from 1.2-5%.  Hypoglycaemia was defined as a capillary blood glucose level lower than 4mmol/L).
The purpose of this pilot study is to assess two hypoglycaemia (Hypo) packs that contain glucose and a CHO snack.  It is anticipated that these two Hypo packs will provide a tasteful and correct hypoglycaemia treatment in the form of a readily accessible product.  This study is conducted in a medical ward (ward 33) at Middlemore Hospital on inpatients with diabetes requiring treatment for mild-to-moderate hypoglycaemia episodes. 
4.2 Research Protocol

4.2.1  Research Question

Is a hypoglycaemia (Hypo) pack, consisting of a glucose treatment (Carrero gel 18g CHO or 125ml Blackcurrant “Twist” drink 16g CHO) AND 16g (average) CHO (Ernest Adams cookies 2 per packet) more effective and acceptable than conventional treatment (3 x La-Vita tabs 9.3g CHO) for the treatment of mild-to-moderate hypoglycaemia in a conscious patient with diabetes mellitus in a general medical ward?

4.2.2  Definition of Mild-Moderate Hypoglycaemia

CBG of <4mmol/L as determined by bedside CBG (point-of-care) testing using Glucocard meters in a conscious patient who is able to self-treat.

4.2.3
Hospital Hypoglycaemia Guideline

The Middlemore Hospital hypoglycaemia guideline for mild-moderate hypoglycaemia states that patients should be conscious and safe to have an oral intake.  Patients should be given three La-Vita tabs initially and CBG measured 10 minutes post treatment.  The treatment cycle should be repeated until CBG is ≥4mmol/L at which point the patient is given a CHO snack.  If after 30 minutes the hypoglycaemia is not resolved, medical review is to be requested.

4.2.4  Objectives

Primary
1 To evaluate the initial response to two alternative hypoglycaemic treatments compared with conventional treatment

Secondary
1 To measure the effectiveness of glucose treatments to correct hypoglycaemia

2 To quantify how frequently hypoglycaemia occurs within a general medical ward

3 To quantify how many consecutive treatments (3 La-Vita tabs, Blackcurrant “Twist”drink or Carerro gel) are required to correct hypoglycaemia

4 To have staff appraise their experience with the Hypo pack

5 To have patients appraise their experience with the Hypo pack

4.2.5  Outcomes

Primary
1 Capillary blood glucose level 10 minutes after the first glucose treatment

Secondary 
1 Time to resolution of hypoglycaemia (to capillary blood glucose >4.0mmol/L, retested every 10 minutes)

2 Number of treatments accessed from Pyxis (medication dispensing machine located within each ward) 

3 Number of treatments required to resolve hypoglycaemia per patient

4 Results from staff questionnaire using Likert scales and binary measurements

5 Results from patient questionnaire using Likert scales and binary measurements

4.2.6  Design

Parallel group randomisation control trial – a pilot study

This is a parallel-group randomised control trial of 2 novel hypoglycaemia treatments compared with conventional treatment in patients with diabetes mellitus.  Patients who met the entry criteria for the study and were admitted to Ward 33 Middlemore Hospital, were invited to participate.  Subjects were required to sign the consent to participate form at the time of admission, after reading the information sheet and having their questions regarding the research answered.  When the patient experienced their first hypoglycaemic event, they were to a study treatment (conventional, Hypo pack A, Hypo pack B) by SAS (computerised randomisation program).  The randomisation chart was produced by the biostatistitian  using the SAS program.  The chart listed the randomisation of the hypo treatments.  It was placed by the Pyxis machine.  The staff nurses referred to the next randomisation code on the chart, and used this to determine the treatment for their patient.  When the patient experienced a hypoglycaemic event, the randomised hypoglycaemia treatment was accessed from the Pyxis machine.  Participants were to be given the same treatment for all subsequent hypoglycaemic events.  

4.2.7  Setting/Time

The study was undertaken in a 60 bed medical ward in a teaching hospital (Middlemore Hospital, Counties Manukau District Health Board).  The nurse-to-patient ratio was on average 1:5.  The study commenced 3 May 2010 and data collection finished 26 January 2011.  
4.2.8  Study Treatments

The hypoglycaemia treatments comprised of a fast-acting and a long-acting form of carbohydrate (CHO):

1 Hypo pack A - 125mL Blackcurrant “Twist” drink (referred to here in as “Twist” drink) (16g CHO) with two Ernest Adams cookies (average 16g CHO)

2 Hypo pack B - Carrero gel (18g CHO) with two Ernest Adams cookies (average 16g CHO)

3 Conventional – three La-Vita tabs (9.3g CHO) and nurse’s choice of CHO snack

The Hypo pack itself consisted of a glucose treatment (Carrero gel or 125mL Blackcurrant “Twist” drink) and two Ernest Adams cookies.  The products were contained in a small plastic bag with the hypoglycaemia guideline on the outside.  The Hypo packs were stored in the Pyxis machine.  The conventional (La-Vita tab) treatment continued as per the current hospital guideline, with the La-Vita tabs also being located in the Pyxis machine.

4.2.9  Sample Size/Participants

There was no information available for sample size estimation as this was the first study to assess the feasibility and efficacy of a nutrition pack being served as a medical treatment.  The pilot study collected information of the summary statistics (mean/median, standard deviation, range) of primary outcomes for each type of Hypo pack and the conventional treatment.  It also assessed the feasibility of the work flow, response of patients and staff.  It was estimated that 45 patients would be required: 15 participants to be randomised to each group of the trial

Inclusion criteria for actual interventional treatment: 

· Male or female patients aged 18-80 years (changed to >80yrs with Ethical approval March 2010)

· Diagnosis of type 1 or type 2 diabetes

· CBG <4.0mmol/L with or without symptoms of hypoglycemia

· Treatment with insulin and/or sulphonylurea tablets

· Conscious - able to tolerate an oral intake without the risk of choking

Exclusion criteria:







· Nil per mouth.

· Diet-controlled only diabetes or treatment with Metformin, Acarbose and/or Pioglitazone

· Severe hypoglycaemia defined as blood glucose <4.0mmol/L and requiring Glucagon injection and/or parenteral glucose administration (as per the current hospital guideline)

· Experience mild-moderate hypoglycaemia symptoms but capillary blood glucose level more than 4mmol/L 
· Pregnancy (due to the different reference range used to diagnose hypoglycaemia)

· History of food allergies, intolerances

· Gastrointestinal disease which excludes patient from a full normal diet
4.2.10 Data Collection 
Data Collection - Clinical Trial
It was planned that the study would continue until 45 patients had been randomised and treated with conventional treatment or the Hypo packs.  Patients with more than one treatment for hypoglycaemia were only counted as one patient; but data was collected on their multiple treatments. It eventuated that data was only used once per patient, due to data quality.
Data Collection - Clinical Notes

· The glucose level at diagnosis of hypoglycaemia, the paired result following hypoglycaemia treatment, and the time to the second treatment was recorded on the capillary blood glucose monitoring/insulin administration form.  Participant’s clinical notes were reviewed retrospectively to measure: 
· Participants clinical notes were reviewed retrospectively to measure: 

Whether the treating nurse responded to the hypoglycaemic event as per the Middlemore hospital hypoglycaemia treatment guideline, in terms of retesting the CBG after ten minutes and administering another glucose treatment if CBG <4mmol/L or giving a CHO snack once CBG >4mmol/L, and documentation of patient’s response to the treatment

· Relevant confounding data (eg. Medications, HbA1c).

Data Collection - Questionnaires

· Staff completed a questionnaire (pre and post Hypo pack trial) to discover how user-friendly the Hypo packs are.

· Patients completed a questionnaire, to discover how user-friendly the hypo packs are and whether the patient had improved their knowledge about the treatment of hypoglycaemia.

Data Collection – Pyxis Audit

· Number of treatments required to resolve hypoglycaemia.

· Data was collected from the Pyxis machine, to quantify how many hypo packs had been accessed, using audit dates 03/05/10 until 31/01/11 (266 days).
· Data was collected from the Pyxis machine, to quantify how many hypo packs or La-Vita tabs were required to correct one hypoglycaemic event, using audit dates 03/05/10 until 31/01/11 (266 days).
General

· Quantitative data was accumulated onto an excel spreadsheet in preparation for analysis.

4.2.11  Data Analysis

Mean (95% Confidence interval ), median (IQR) of CBG level 10 minutes after the glucose treatment were summarised from the clinical trial data. Number of treatments required to resolve hypoglycaemia per patient and mean number of total hypoglycaemia during hospital stay were summarised using the auditing data from the Pyxis machine. Count (%) were used to summarise user-friendliness of the hypo pack from staff, user-friendliness of the hypo pack from patients for the three different intervention groups.

5  Results

Table 1 - Patient Demographic Data for those who received Glucose Products (quality data as per protocol n=8, protocol violators n=3). 
	
	
	Number of Patients
	Percentage of Patients

	Patients & Data 
	Full data
	8
	72.7%

	
	Violator
	3
	27.3%

	Gender 
	Male
	6
	54.6%

	
	Female
	5
	45.5%

	Ethnicity 
	NZ European
	4
	36.4%

	
	New Zealand Maori
	3
	27.3%

	
	Cook Island Maori
	2
	18.2%

	
	Samoan
	1
	9.1%

	
	Indian
	1
	9.1%

	Age in years 
	Mean                                                    
	
	67 years

	
	Standard Deviation
	
	13 years

	
	Median
	68 years
	68 years

	Type of Diabetes
	Type 2    
	9
	81.8%

	
	Type 1    
	2
	18.2%

	HbA1c
	Mean
	
	8.4%

	
	Median
	
	8.1%

	
	Standard Deviation
	
	1.5

	Medication
	Intermediate Insulin Only
	1
	9.1%

	
	Intermediate Insulin + Bolus Insulin
	4
	36.4%

	
	Long acting Insulin + Bolus Insulin
	2
	18.2%

	
	Mix Insulin
	2
	18.2%

	
	Mix Insulin + lunch bolus
	1
	9.1%

	
	Intermediate Insulin + Orals
	1
	9.1%

	Meal Type
	Diabetic 1 Snack Supper
	9
	81.8%

	
	Full Diet (no pork, no beef)
	1
	9.1%

	
	Unknown
	1
	9.1%


Table 2 - Demographic Data for those who completed a Patient Survey (n=34)
	
	
	Percentage of Patients

	Gender 
	Male
	52.9%

	
	Female
	47.1%

	Ethnicity 


	NZ European
	35.1%

	
	European
	2.9%

	
	New Zealand Maori
	20.6%

	
	Cook Island Maori
	11.8%

	
	Samoan
	14.7%

	
	Indian
	8.8%

	
	Chinese
	2.9%

	
	Middle Eastern
	2.9%

	Age in years 
	Mean                                                    
	64 years

	
	Standard Deviation
	15 years

	
	Median
	68 years

	Type of Diabetes
	Type 2    
	88.2%

	
	Type 1    
	11.8%

	HbA1c
	Mean
	8.2%

	
	Median
	8.0%

	
	Standard Deviation
	1.4

	Medication
	Intermediate Insulin Only
	14.7%

	
	Intermediate Insulin + Bolus Insulin
	11.8%

	
	Long acting Insulin Only
	2.9%

	
	Long acting Insulin + Bolus Insulin
	11.8%

	
	Mix Insulin
	8.8%

	
	Mix Insulin + Bolus Insulin
	8.8%

	
	Mix Insulin + Orals
	2.9%

	
	Long acting Insulin + Orals
	2.9%

	
	Orals Only (Sulphonylurea +/- Metformin)
	26.4%

	
	Orals + Sliding Scale PRN Rapid Acting
	2.9%

	
	Intermediate Insulin + Orals
	5.9%

	Meal Type
	Diabetic 1 Snack Supper
	59.8%

	
	Diabetic No Snack
	15.7%

	
	Full Diet 
	9.8%

	
	Full Diet (no pork, no beef)
	2.9%

	
	Halal 1 Snack Supper
	2.9%

	
	Unknown
	11.8%


One-hundred-and-forty-eight patients were consented for the Hypo pack trial and 8 declined.  113 of the consented patients did not experience hypoglycaemia.  35 patients did experience hypoglycaemia.  Of these 35 patients, 11 patients had capillary blood glucose data included in the analysis.  Three of these 11 patients were violators due to not being randomised, leaving 8 patients with sound data.   Twenty-four patients did not have CBG data included in the analysis, due to poor quality, but did have their patient survey data included, as well as two patients who had violator CBG data and 8 patients who also had CBG data. Therefore 34 patient surveys were available for analysis (La-Vita tabs - 12 patients, Hypo pack A - 11 patients, Hypo pack B - 11 patients).  Thirty-four nurses completed a pre-trial survey and 23 completed a post-trial survey.
5.1  Clinical Trial
5.1.1  Primary Objective

CBG Results with Violators Excluded
Three patients received La-Vita tabs.  Mean CBG after initial glucose treatment with La-Vita tabs was 4.4mmol/L (95% CI 3.3, 5.5). After the CHO treatment selected at the nurse’s discretion from what may have been available on the ward, CBG was 4.8mmol/L (95% CI 3.5, 5.9).  Mean CBG calculated from CBG post initial glucose treatment and CBG after CHO treatment was 4.6mmol/L (95% CI 3.5, 5.7). 

Two patients received Hypo Pack A.  Mean CBG after initial glucose treatment with Hypo Pack A was 4.7mmol/L (95% CI 1.5, 7.8).  After the CHO treatment, mean CBG was 10.9mmol/L (95% CI ˉ3.1, 24.9).  Mean CBG calculated from CBG post initial glucose treatment and CBG after CHO treatment was 7.8mmol/L (95% CI ˉ0.8, 16.4).
Three patients received Hypo Pack B.  Mean CBG after initial glucose treatment with Hypo Pack B was 3.9mmol/L (95% CI 2.4, 5.4).  After the CHO treatment, mean CBG was 6.8mmol/L (95% CI 3.2, 10.3).  Mean CBG calculated from CBG post initial glucose treatment and CBG after CHO treatment was 5.3mmol/L (95% CI 3.5, 7.2).
CBG Results with Violators Included

Five patients were treated with La-Vita tabs.  Mean CBG after initial glucose treatment with La-Vita tabs was 4.5mmol/L (95% CI 3.2, 5.9).  After the CHO treatment selected at the nurse’s discretion from what may have been available on the ward, mean CBG was 5.8mmol/L (95% CI 2.6, 9.0). Mean CBG calculated from CBG post initial glucose treatment and CBG after CHO treatment was 5.0mmol.L (95% CI 3.7, 6.2).
Three patients were treated with Hypo pack A.  Mean CBG after initial glucose treatment with Hypo pack A was 4.4mmol/L (95% CI 3.3, 5.6).  Mean CBG after the CHO treatment was 9.4mmol/L (95% CI 2.4, 16.4).  Mean CBG calculated from CBG after initial glucose treatment and CBG after CHO treatment was 6.9mmol/L (95% CI 2.4, 16.4)  

Three patients were treated with Hypo pack B.  Mean CBG after initial glucose treatment with Hypo pack B was 3.9mmol/L (95% CI 2.4, 5.4).  Mean CBG after the CHO treatment was 6.8mmol/L (95% CI 3.2, 10.3).  Mean CBG calculated from CBG post initial glucose treatment and CBG after CHO treatment was 5.3mmol/L (95% CI 3.5, 7.2). 

Figure 1 - Comparison of Mean CBG Results
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5.1.2  Secondary Objectives
5.1.2.1  Staff Survey 
Previous Experience Treating Hypoglycaemia

Of the 34 nurses who completed the pre-trial survey, 100% had treated mild-moderate hypoglycaemia previously in this particular ward setting.  23 Nurses completed a post-trial survey, and 91% had treated mild-moderate hypoglycaemia.
Selecting Appropriate Treatment

Pre-trial, when asked how they would treat hypoglycaemia, from the choices of milo, cheese and crackers, jellybeans, 3 La-Vita tabs, or none of the above, 52.9% chose La-Vita tabs, 44.1% gave no answer or more than one answer, 2.9% chose cheese and crackers.  
Post-trial when asked how they would treat hypoglycaemia, from the choices of milo, cheese and crackers, jellybeans, 3 La-Vita tabs, or none of the above, 52.2% chose La-Vita tabs, 30.4%  gave no answer or more than one answer, 4.3% chose cheese and crackers, 4.3% chose milo, 4.3% chose jellybeans, 4.3% chose none of the products suggested.

Figure 2 - Comparison of Pre/Post Trial Treatment Choices
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Rating Self-Confidence

Nurses were asked to rate their confidence in treating hypoglycaemia using a likert scale where 1 rated very confident, 3 rated neutral and 5 rated not confident pre and post trial.
Pre-trial 41.2% of nurses rated themselves as confident, 41.2% rated themselves as somewhat confident, 11.8% rated themselves as neutral, 5.9% rated themselves a 4 suggesting some lack of confidence.

Post-trial 60.9% of nurses rated themselves as confident, 30.4% rated themselves as somewhat confident, 8.7% rated themselves as neutral.

Nurses were asked to use a likert scale where 1 rated agree, 3 rated neutral, and 5 rated disagree for the statement ‘Hypo pack improved my confidence with treating mild-to-moderate hypo episodes’.  26.1% agreed that using the Hypo pack improved confidence, 26.1% somewhat agreed, 8.7% were neutral, 8.7% somewhat disagreed, 4.3% disagreed, and 21.7% gave no response.

Figure 3 - Comparison of Pre/Post Trial Self-Confidence Assessments
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Ease of Access to Hypoglycaemia Treatment Products

When asked to rate how difficult it was to access products to treat hypoglycaemia using a likert scale where 1 rated very difficult, 3 rated neutral and 5 rated not difficult, 20.6% felt finding products was easy, 23.5% felt they could find products with a little ease, 23.5% were neutral, 8.8% found some difficulty in finding products and 8.8% found it very difficult to find products.
Familiarity with Hypo Packs

Nurses were asked how many times they had used a Hypo pack.  30.4% said they had not used any Hypo pack, 21.7% used one Hypo pack, 26.1% used two Hypo packs, 21.7% had used three Hypo packs.
Likert Scale Rating of Hypoglycaemic Treatments
Nurses were then asked to rate the following statements regarding aspects of the hypo treatments using a likert scale, where 1 rated as agree, 3 was neutral and 5 rated as disagree. 

Hypo Packs
The Hypo packs had an instruction label on the front, directing nurses how to treat hypoglycaemia.  To the statement ‘easy to read’ 52.2% agreed the instructions were easy to read, 26.1% rated the label somewhat easy to read, 13.0% were neutral, and 8.7% gave no response.

To the statement ‘instruction label easy to follow’ 52.2% agreed the label was easy to follow, 34.8% rated the label somewhat easy to follow, 4.3% were neutral, and 8.7% gave no response.

To the statement ‘a good education tool’ 60.9% agreed the label was a good education tool, 21.7% somewhat agreed, 8.7% were neutral, 8.7% gave no response.

Ease of Opening
Nurses were asked to rate the ease with which they were able to open each product using the statement ‘easy to open’.

87.0% of nurses agreed the La-Vita tab container was easy to open, 8.7% were neutral, and 4.3% didn’t respond.

39.1% of nurses agreed the Carrero gel was easy to open, 17.4% somewhat agreed, 8.7% were neutral, and 34.8% gave no response

60.9% agreed the “Twist” Drink was easy to open, 8.7% somewhat agreed, 4.3% were neutral, and 26.1% gave no response.

65.2% agreed the cookie packets were easy to open, 8.7% somewhat agreed, 4.3% were neutral, and 21.7% gave no response.

Figure 4 - Comparison of Nurse Ratings of Ease to Open Products
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Ease of Administration
Nurses were asked to rate the ease of administration of the products, using the statement ‘easy to administer’. 
69.6% agreed La-Vita tabs were easy to administer, 17.4% somewhat agreed La-Vita tabs were easy to administer, and 4.3% disagreed
47.8% agreed Carrero gel was easy to administer, 13.0% somewhat agreed, 4.3% somewhat disagreed, and 34.8% gave no response.

60.9% agreed the “Twist” drink was easy to administer, 4.3% somewhat agreed, 8.7% were neutral, and 26.1% gave no response.

65.2% agreed the cookies were easy to administer, 13.0% somewhat agreed, and 21.7% gave no response.

Figure 5 - Comparison of Ratings for Ease of Product Administration
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Quick Resolution of Hypoglycaemia
Nurses were asked to rate how quickly they perceived the treatments to resolve hypoglycaemia using the statement ‘resolved hypo quickly’. 
60.9% agreed La-Vita tabs resolved hypoglycaemia quickly, 26.1% somewhat agreed, 4.3% were neutral, 4.3% somewhat disagreed, and 4.3% gave no response.

39.1% agreed Carrero gel resolved the hypoglycaemia quickly, 21.7% somewhat agreed, 4.3% somewhat disagreed, and 34.8% gave no response.

39.1% agreed the “Twist” drink resolved hypoglycaemia quickly, 21.7% somewhat agreed, 8.7% were neutral, and 30.4% gave no response.

26.1% agreed the cookies resolved the hypoglycaemia quickly, 21.7% somewhat agreed, 21.7% were neutral, 4.3% somewhat disagreed, 4.3% disagreed, and 21.7% gave no response

Figure 6 - Comparison of Nurse Perceptions about Speed to Hypoglycaemia Resolution
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Swallowing Difficulties
Nurses were asked to rate their perceptions regarding swallowing problems associated with each product, using the statement ‘did the treatment cause any swallowing problems’. 
30.4% agreed that La-Vita tabs did cause swallowing problems, 13.0% somewhat agreed, 8.7% were neutral, 34.8% somewhat disagreed, and 13.0% gave no response.
21.7% agreed that Carrero gel did cause swallowing problems, 13.0% somewhat agreed, 4.3% were neutral, 13.0% disagreed, and 34.8% gave no response.

13.0% agreed the “Twist” Drink caused swallowing problems, 8.7% somewhat agreed, 13.0% were neutral, 8.7% somewhat disagreed, 21.7% disagreed, and 34.8% gave no response.
4.3% agreed the cookies caused a swallowing problem, 21.7% somewhat agreed, 21.7% were neutral, 4.3% somewhat disagreed, 17.4% disagreed, and 30.4% gave no response.

Figure 7 - Comparison of Nurse Perceptions Regarding Products Causing Swallowing Difficulties
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Comparison of Hypo Pack with La-Vita tabs
Nurses were asked to rate some statements about the two Hypo Packs versus the La-Vita tabs.
For the statement ‘I prefer the Hypo pack’ 39.1% agreed that the Hypo pack was their preference, 17.4% somewhat agreed, 8.7% were neutral, 13.0% disagreed, and 21.7% gave no response.

For the statement ‘I prefer La-Vita tabs’ 39.1% agreed that they preferred La-Vita tabs, 17.4% somewhat agreed, 13.0% were neutral, 8.7% somewhat disagreed, 4.3% disagreed, and 17.4% gave no response.
Figure 8 - Comparison of Nurse Preferences for a Hypo Pack versus La-Vita tabs
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Time Saving
For the statement ‘Hypo pack saved me time’ 17.4% agreed using the Hypo pack saved time, 30.4% somewhat agreed, 8.7% were neutral, 13.0% somewhat disagreed, 4.3% disagreed, and 26.1% gave no response.

5.1.2.2  Patient Appraisals

Patients who completed a post-treatment survey were equally allocated to the three treatment groups (Hypo pack A 11 patients, Hypo pack B 11 patients, La-Vita tabs 12 patients).
Previous Experience with Glucose Products
After having their hypoglycaemia treated, patients were asked whether they had been  given or used the glucose product before, by responding yes or no.  For “Twist” drink 30% responded yes, and 70% responded no, one patient did not respond.  For Carrero gel, 18.2% responded yes, and 81.8% responded no.  For La-Vita tabs 33.3% responded yes, 66.7% and responded no. 
Instruction Label 
Patients were asked whether the instruction label, on the Hypo pack, was easy to follow whilst having a hypo.  (The La-Vita tabs were administered from their usual stock container and there was no instruction label, therefore no appraisal).  Only 6 patients responded for Hypo pack A and 100% responded yes.  Only 9 patients responded for Hypo pack B and of these 9 patients, 88.9% responded yes, and 11.1% responded no.  The response rate to this question was low, and therefore there is not adequate data from which to draw conclusions.
Future Hypoglycaemia Management

After receiving a hypoglycaemic treatment, patients were asked whether they would change the way they treated their hypoglycaemia in the future, by responding yes or no.  Only 6 patients responded for Hypo pack A and of these 6 patients, 66.7% responded yes, 33.3% responded no.  Only 8 patients responded for Hypo pack B and of these 8 patients, 50% responded yes, and 50% responded no. The response rate to this question was low, and therefore there is not adequate data from which to draw conclusions.
Likert Scale Rating of Hypoglycaemic Treatments
Patients were then asked to rate the following statements regarding aspects of the hypo treatments using a likert scale, where 1 rated agree, 3 rated neutral, and 5 rated disagree.

Easy to Swallow

Patients were asked to rate their perceptions regarding how easy the products were to swallow, using the statement ‘easy to swallow’. 

27.3% agreed the La-Vita tabs were easy to swallow, 27.3% were neutral, and 45.5% disagreed.  One patient did not respond.

For “Twist” drink 100% of patients agreed.

For Carrero gel 63.6% agreed, 9.1% somewhat agreed, 18.2% were neutral, 9.1% somewhat disagreed.

For the cookies 78.9% agreed, 15.8% somewhat agreed, and 26.3% were neutral.  Three patients did not respond.

Figure 9 – Comparison of Patient Perceptions of Ease of Swallowing
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Taste
Patients were asked to rate how tasty the products were, using the statement ‘taste good’.

For La-Vita tabs, 25% agreed, 8.3% somewhat agreed, 16.7% were neutral, 16.7% somewhat disagreed, 33.3% disagreed. One patient did not respond.

For “Twist” drink 90% of patients agreed, and 10% disagreed. One patient did not respond.
For Carrero gel 63.6% of patients agreed, 27.3% somewhat agreed, and 9.1% somewhat disagreed.

For the cookies 78.9% agreed, 15.8% somewhat agreed, 5.3% somewhat disagreed.  Three patients did not respond.

Figure 10 - Comparison of Patient Perceptions Regarding Taste
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Ease of Opening
Patients were asked to rate how easy the products were to open, using the statement ‘easy to open’. 

For La-Vita tabs, 50% agreed, and 50% were neutral.  10 patients did not respond.
For “Twist” drink 90% agreed, 10% disagreed. One patient did not respond.
For Carrero gel 44.4% agreed, 22.2% somewhat agreed, and 11.1% somewhat disagreed.  Two patients did not respond.
Figure 11 - Comparison of Patient Perception of Ease to Open Products
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Hypo Symptom Resolution
Patients were asked to rate how quickly the products resolved hypo symptoms using the statement ‘stop hypo symptoms quickly’. 
For La-Vita tabs 50% agreed, 37.5% were neutral, and 12.5% disagreed.  Four patients did not respond.

For “Twist” drink 60% agreed, 20% somewhat agreed, 10% were neutral, and 10% somewhat disagreed.  One patient did not respond.
For Carrero gel 40% agreed, 40% somewhat agreed, 10% were neutral, and 10% somewhat disagreed.  One patient did not respond.
Figure 12 - Comparison of Patient Perceptions for Speed to Hypo Resolution
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Ease of Consumption-Cookies
Patients were asked to rate how easy the cookies were to chew, using the statement ‘easy to chew’.

Twenty out of a possible 22 patients responded. 60% agreed, and 15% somewhat agreed, 25% were neutral.

Overall Satisfaction

Patients were asked to rate their overall satisfaction with the hypo treatment by using a likert scale where 1 rated very satisfied, 3 rated neutral, and 5 rated not satisfied.  

For La-Vita tabs 25% (95% CI 1%, 76%) were very satisfied, 25% were satisfied, 25% were neutral, and 25% were not satisfied.  Eight patients did not respond.
For Hypo pack A 88.9% (95% CI 56%, 99%) were very satisfied, and 11.1% were not satisfied.  Two patients did not respond.

For Hypo pack B 60% (95% CI 29%, 86%) were very satisfied, and 40% were satisfied. One patient did not respond.

Figure 13 - Comparison of Overall Patient Preference
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5.1.2.3  Effectiveness of Glucose Treatments to Correct Hypoglycaemia

In order to measure this outcome, the research protocol required patient CBG levels to be measured every 10 minutes until hypoglycaemia resolution.  The logistic barrier of the trial in a busy hospital ward, did not warrant this outcome to be achievable.  
5.2  Pyxis Audit

5.2.1  Frequency of Hypoglycaemia in a General Medical Ward
The Pyxis data demonstrates that 241 hypoglycaemic treatments were accessed (La-Vita tabs or Hypo packs) during the 266 days audit period.  Therefore on average, 7 patients required a hypoglycaemic treatment each week.

The Pyxis data demonstrates that 277 hypoglycaemic submissions were made to the Pyxis machine over the audit period.  Therefore on average, there were 7.3 submissions per week.

The Pyxis data demonstrates that 447 hypoglycaemic treatments were dispensed during the audit period.  (It is not known whether these treatments were actually consumed by patients).  On average, 12 treatments were removed each week.

5.2.2 Quantification of Number of Consecutive Treatments Required to Treat Hypoglycaemia  

The Pyxis data demonstrates that during the audit period, 78 Hypo packs were removed for 45 submissions.  On average 2.0 Hypo packs were removed to treat one hypoglycaemic event.

The Pyxis data demonstrates that during the audit period, 369 Vita tab treatments were removed for 232 submissions.  It should be noted that varying quantities of La-Vita tabs were removed for each submission and therefore it is not possible to measure how many La-Vita tabs are required to treat one hypoglycaemic event.  On average 2.0 Vita tab treatments (range 1-6 tablets per treatment) were removed to treat one hypoglycaemic event.
6.0  Discussion
6.1  Clinical Trial
Evaluation of Initial Response to Hypoglycaemic Treatments

It should be noted that on 7th December 2010 Carrero gel was rebranded and renamed Hypo-fit.  The CHO content remained the same.  No patients in this clinical trial received the Hypo-fit.

Hypo Pack A had the highest mean CBG 10 minutes after the initial glucose treatment in comparison to the other two arms.  Hypo Pack A also had the highest mean CBG calculated from the CBG after initial glucose treatment and CBG after CHO treatment.  
It is not surprising that Hypo pack A had greater efficacy for treating hypoglycaemia than three La-Vita tabs, as Hypo pack A contains 16g CHO compared to 9.3g CHO in three La-Vita tabs.  However Hypo pack A contains less CHO than Hypo pack B.  Hypo pack B contains 18.6g CHO.  The possible reason for the greater efficacy, is that Hypo pack A contains “Twist” drink which is in fact a cordial with a higher glycaemic index rating (medium GI=66) than the Carrero gel (honey consistency, low GI=47) of Hypo pack B (University of Sydney, n.d.).  A higher glycaemic index rating means that the “Twist” drink is absorbed more quickly and hence the higher CBG (4.7mmol/L) 10 minutes after administration in comparison to the other two arms.

Patients who received three La-Vita tabs and a CHO treatment of the nurses’ discretion demonstrated lowest mean CBGs.  It is not known what the nurses chose as the CHO treatment nor how much CHO the treatment contained.  However the study demonstrates that three La-Vita tabs followed by a CHO treatment of the nurses choice, is not as effective for the treatment for hypoglycaemia as the other two arms.
6.2  Staff Appraisals

Prior to the trial, all of the nurses reported having had experience treating hypoglycaemia in this particular ward setting, and 17.6% of nurses reported difficulty finding hypoglycaemic treatments.    This percentage is lower than what the researchers would have expected from anecdotal reports heard when within the ward.  However 47.8% of nurses felt that the Hypo packs had saved them time when needing to treat hypoglycaemia.  87% of the nurses found that the instruction labels on the Hypo packs were easy to read.  82.6% felt that the instruction label was a good educational tool.  Belief that the Hypo pack trial was of educational value, is reflected in the nurse self-confidence assessments.  Post-trial self-confidence assessments demonstrated that 52.2% of nurses agreed that using the Hypo packs had increased their confidence in treating hypoglycaemia.  8.9% of nurses improved the rating of the confidence on the likert scales with no nurses rating a lack of confidence post-trial.
However post-trial, when it would have been expected that knowledge of appropriate hypoglycaemic treatment would have increased, in fact nurses selected treatments that were not appropriate. Whilst 14.1% less nurses gave no answer when asked to select an appropriate hypoglycaemic treatment, still 30.4% of nurses gave no answer.  The researchers expected that post-trial when nurses were asked how they would treat hypoglycaemia from a list including 3 La-Vita tabs, jellybeans, milo, crackers and cheese, no answer, none of the above, more nurses would have selected La-Vita tabs or jellybeans as the most appropriate initial glucose hypoglycaemic treatment.  Instead nurses chose milo, crackers and cheese or considered nil of the assessable treatments to be their choice of treatment for hypoglycaemia.  Milo and crackers and cheese are not appropriate initial hypoglycaemic treatments.  The carbohydrate in these foods needs to be digested into glucose in the gut before they are readily absorbed into the blood stream.  Hence, this could potentially lead to further CBG drop and put the patient at risk of severe hypoglycaemia.  The pre and post nurse surveys were not paired and new staff did arrive on the ward part way through the Hypo pack research.  It may be that these new nurses had less knowledge of appropriate treatment of hypoglycaemia and therefore in the post nurse surveys chose inappropriate hypoglycaemic treatments. 
Following staff appraisal of the characteristics of the products, both La-Vita tabs and Hypo packs rated equal preference with 56.5% of nurses.  Assessment of the specific characteristics revealed the following: 

For ease of opening La-Vita tabs were rated easiest, then “Twist” drink and Carrero gel.  The majority (74%) found the biscuit packet easy to open.

For ease of administration the majority found La-Vita tabs easiest followed by “Twist” drink and then Carrero gel.  The cookies also rated well, with 78.2% agreeing to ease of administration.

For speed to hypoglycaemia resolution, nurses felt the La-Vita tabs were fastest with “Twist” drink and Carrero gel rating equally.

For swallowing difficulties, nurses felt that “Twist” drink caused less difficulties, with La-Vita tabs causing the most swallowing difficulties.

Overall, when ratings for the individual characteristics are considered, the nurses rate “Twist” drink and La-Vita tabs equally, as demonstrated also in their overall preference ratings.   
6.3  Patient Appraisals

The majority of patients had not used the hypoglycaemic products previously.  There was inadequate data to assess whether the instruction label on the Hypo packs was easy to follow. There was also insufficient data to determine whether having been a part of this research, patients would now change the way they treated their hypos should more occur.  
Hypo pack A (“Twist” drink) was rated highest for ease of swallowing, and ease of opening. Pack A had the highest rating for overall satisfaction as 88.9% of patients indicated they were satisfied, whereas for Pack B 60% were satisfied and 40% somewhat satisfied.
Hypo pack B (Carrero gel) was rated highest for taste, with a big difference between Carrero gel and La-Vita tabs.

Hypo packs A and B rated equally for speed to resolution of hypoglycaemic symptoms (80%), whilst only 50% of patients agreed La-Vita tabs resolve the symptoms of hypoglycaemia quickly.

The majority of patients found the cookies in the Hypo packs easy to chew (75%), easy to swallow and agreed the cookies tasted good.

Overall, when patient ratings for the individual characteristics are considered, patients rate Hypo pack A containing “Twist” drink and Ernest Adams cookies as their preferred treatment for mild-to-moderate hypoglycaemia. 

6.4  Pyxis Audit Results

6.4.1  Frequency of Hypoglycaemia

International research to determine the frequency of hypoglycaemia has tended to focus on type 1 diabetes and severe hypoglycaemia. Determining the frequency of hypoglycaemia in type 2 diabetics is much more difficult, due to the heterogeneity of type 2 diabetes (Zammitt & Frier, 2005).   When examining frequency of hypoglycaemia in this Hypo pack trial, events were not divided by diabetes type.  
People with type 1 diabetes can expect two mild hypos per week on average (Pederson-Bjergaard et al., 2004; Pramming, Thorsteinsson, Bendtson, & Binder 1991).  Intensive management of glycaemia has certainly been associated with incidence of hypoglycaemia (Diabetes Control and Complications Trial Group, 1992; United Kingdom Prospective Diabetes Study Group, 1998).  A further influence on hypoglycaemia frequency is the type of medication being taken.  Those on insulin are more likely to experience hypoglycaemia than those on a sulphonylurea (Ferner, 1988).  
In this Hypo pack trial, although mean HbA1c was 8.4%, the patients were receiving more intensive management of their glycaemia due to their hospital admission and therefore hypoglycaemic events were expected.  26.3% of patients consented for this study experienced mild-moderate hypoglycaemia.  There is paucity of studies into the incidence of hypoglycaemia.  However in a retrospective chart study by Malone, Klos, Gennis and Goodwin (1992), of 221 patients admitted in diabetic ketoacidosis, 30% of patients experienced hypoglycaemia.  Another study by Kagansky et al. (2003) of 5,404 hospitalised older adults with diabetes, found that 5% of these patients experience hypoglycaemia.    These studies indicate that the incidence of hypoglycaemia is wide-ranging, and although the incidence of hypoglycaemia in this Hypo pack study falls within that of these two studies, further research is clearly indicated.
6.4.2  Quantification of Consecutive Hypoglycaemic Treatments

In the Pyxis audit data of treatments presented in section 5.2, the number of treatments required to treat one hypoglycaemic event was comparable between La-Vita tabs and Hypo packs.  When rounded to one decimal place, both modalities required two treatments for hypoglycaemia.  A literature search has not revealed any literature regarding how many hypoglycaemic treatments are required to normalise capillary blood glucose levels.

7.0  Conclusions
When the results from the CBG data, nurse appraisals and patient appraisals are accumulated, Hypo pack A containing 125mL Blackcurrant “Twist” drink (16g CHO) and two Ernest Adams cookies (average 16g CHO) demonstrates potential greatest efficacy and is the preferred client choice for treatment of hypoglycaemia in this general medical ward.  Hypo pack B containing Carrero gel (Hypo-fit) (18g CHO) rated second and conventional treatment (La-Vita tabs) was rated last in terms of CBG results and staff and patient preference.   
It is recommended to use this treatment as one of the hypoglycaemic treatments for hospitalised patients before further evaluation of more patients in a future audit or research project.
This study found that two hypoglycaemic treatments were required to normalise CBG, based on the Pyxis audit.  However, results from clinical practice showed that when hypoglycaemia was treated appropriately, one hypoglycaemia treatment was adequate.  Nevertheless, since this is the first pilot trial, further research is warranted.
Nurses also found the use of Hypo packs in general, a good educational tool which increased confidence in treating mild-to-moderate hypoglycaemia.

8.0 Limitations

8.1  Selection Bias
Both the CBG data and patient surveys contained a greater number of patients with type 2 diabetes in comparison to type 1 diabetes.  People with longstanding type1 diabetes may have brittle glycaemic control, be more sensitive to insulin therapy and therefore more susceptible to hypoglycaemic and recurrent hypoglycaemia.  If the study had contained an equal number of people with type 1 and type 2 diabetes, the data may have yielded different results.

There were a greater number of male patients in both the CBG and survey groups.  There was an equal number of European and Pacific ethnicities, but less New Zealand Maori, who provided CBG data.  There were a greater number of European people included in the patient survey data, in comparison to all the other ethnicities.  These inequities between gender and ethnicity may have yielded biased results.

The study was reliant on ward nurses, at the time of ward admission, identifying patients who met the research and consenting them.  The study was then reliant upon ward nurses randomising patients to a study treatment at the first mild-to-moderate hypoglycaemic event.  Some patients who could have been included in the study were lost, due to them not being consented or not having their hypo treated as per the study protocol.  

8.2  Data Collection

The quality of data was dependent upon that collected by a third party, the registered nurses of a medical inpatient ward.  Many patients who could have been included in this study were not, due to; patients not being informed and consented for the research, or the research protocol not being followed.  

The nurse surveys were not paired.  Therefore it is not known whether those who completed an initial survey also completed a post study survey.  The ward did have new employees during the duration of the study.  The results in relation to how nurses would treat mild-to-moderate hypoglycaemia in the future, may therefore be skewed if new nurses with less education about hypoglycaemia had less involvement with the study but completed a post study survey.
Some of the statements used for appraisal of treatment characteristics in the nurse surveys could have been worded more precisely.  Nurses were asked to assess whether they perceived treatments to cause any swallowing problems, using a likert scale where 1 rated agree, 3 neutral and 5 disagree.  A yes/no answer would have been a more suitable response.    Nurses were also asked to how they would treat mild-to-moderate hypoglycaemia from an A-E selection of different treatments.  This question should have asked nurses to select the best initial treatment for hypoglycaemia.
The Pyxis data counts hypoglycaemic treatments removed from the Pyxis machine.  It is not known by the researchers, whether these treatments were consumed nor whether the treatments were given to patients with hypoglycaemia proven from a CBG.  The Pyxis audit is an audit of nurses accessing a treatment.  Nurses took a range of 1-6 La-Vita tabs at each access.

8.3  Measurement Bias

The margin of uncertainty is +/- 26% at the low end (+/- 0.6mmol/L) and at the high end +/- 18% (+/- 4.0mmol/L).  Therefore the Glucocard meters should be used as a screening tool only and very low or high results confirmed with a laboratory blood glucose test. (Burnett, M, 2011).  Results from this study are from the Glucocard meter only and were not confirmed by the laboratory.
8.4  External Validity

This was a pilot study undertaken in one medical ward of a public hospital.  The results may not be transferrable to other wards or hospitals.  A further study involving multiple wards would need to be undertaken to improve external validity.
9.0  References
Anthony, M. (2008). Hypoglycaemia in hospitalised adults. Medical/Surgical Nursing, 17(1), 31-40.

Diabetes Control and Complications Trial Group. (1991). Epidemiology of severe hypoglycaemia in the diabetes control and complications trial. The DCCT Research Group. American Journal of Medicine, 90(4), 450-459.
Ferner, R. E., & Neil, H. A. W. (1988). Sulphonylureas and hypoglycaemia. British Journal of Medicine, 296, 949-950.
Kagansky, N., Levy, S., Rimon, E., Cojocaru, L., Fridman, A., Ozer, Z., Knobler, H. (2003).  Hypoglycaemia as a predictor of mortality in hospitalized elderly patients. Archives of Internal Medicine, 163, 1825-1829.
Malone, M., Klos, S., Gennis, V., Goodwin, J. (1992). Frequent hypoglycemic episodes in the treatment of patients with diabetic ketoacidosis.  Archives of Internal Medicine, 152, 2472-2477.
Pedersen-Bjergaard, U., Pramming, S., Heller, S.R., Wallace, T.M., Rasmussen, A.K., Jorgensen, H.V., Matthews, D.R., Hougaard, P., Thorsteinsson, B. (2004). Severe hypoglycemia in 1076 adult patients with type 1 diabetes: Influence of risk markers and selection. Diabetes Metab Res Rev, (20), 479-486.
Pramming, S., Thorsteinsson, B., Bendtson, I., Binder, C. (1991). Symptomatic hypoglycaemia in 411 type 1 diabetic patients. Diabetic Medicine, (8), 217-222.

United Kingdom Prospective Diabetes Study Group. (1998). United Kingdom Prospective Diabetes Study Group: Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). Lancet 352, 837-852.

University of Sydney. (n.d.). Home of the glycaemic index. Retrieved March 15, 2011, from http://www.glycemicindex.com/
Zammitt, N. N., & Frier, B. M. (2005). Hypoglycaemia in type 2 diabetes: Pathophysiology, frequency, and effects of different treatment modalities. Diabetes Care, 28(12), 2948-2961.
PAGE  
1

_1362988560

_1362988728

_1362989433

_1362989969

_1362988972

_1362989189

_1362988931

_1362988646

_1362988322

_1362988400

_1362987999

_1362988321

