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Abstract

Background:

Accuracy standards of blood glucose (BG) meters are currently under review. Revised standards are expected
to tighten accuracy requirements. Regarding clinical and financial impact of BG meter accuracy, very little data
are available. The aim of this study was to analyze potential cost savings related to higher accuracy of glucose
meters in Germany.

Methods:

As a model for calculation, a reduction of meter error from 20% to 5% was applied. The health economic
analysis was based on four main pillars: (1) number of insulin-treated patients; (2) costs for glucose
monitoring in Germany; (3) data of a modeling analysis on the impact on hypoglycemic episodes, glycosylated
hemoglobin (HbAlc), and, subsequently, myocardial infarctions; and (4) costs of diabetes-related complications
in Germany. A reduction of meter error from 20% to 5% was identified to be associated with a 10% reduction
in severe hypoglycemic episodes and a 0.39% reduction in HbAlc, which translates into a 0.5% reduction of
myocardial infarctions.

Results:

According to the health economic analysis, the reduction in severe hypoglycemic episodes and myocardial
infarctions led to cost savings of €24.14 per patient per year. Considering 390,000 type 1 diabetes patients or
2.3 million insulin-treated patients in Germany, these savings could be equal to a reduction in health care
expenditures of more than €9.4 million and €55.5 million, respectively.

Conclusions:

Potential cost savings and clinical effects due to higher accuracy of BG meters should provide an impetus to
implementation of tighter accuracy standards and development of glucose meters that provide highest possible
accuracy.
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Introduction

Self—monitoring of blood glucose (SMBG) enables optimization of diabetes management.! It also supports preventive
strategies of acute and chronic complications of diabetes.? Self-monitoring of blood glucose (BG) increases the patient’s
awareness of hypoglycemic symptoms®** and facilitates self-regulatory prevention of significant hypoglycemic episodes.*>
The need for prevention of hypoglycemic episodes has also been underlined in clinical trials, e.g., Action to Control
Cardiovascular Risk in Diabetes; Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled
Evaluation; and Veterans Affairs Diabetes Trial.t®

Studies, e.g., Structured Testing Program and Role of Self-Monitoring of Blood Glucose and Intensive Education,
San Carlos, highlight the value of structured SMBG in type 2 diabetes.”!! Despite the growing evidence for the benefit
of SMBG, the potential value of SMBG in type 2 diabetes is still being debated.!>4

The reliability of self-monitored glucose values is a prerequisite for an efficient and safe approach to treat patients to
their target. Accuracy of SMBG, therefore, is a key aspect in this regard.

In Europe, BG meters with a Conformité Européenne label need to meet the current standard DIN EN ISO 15197:2003:
295% of the BG results shall fall within +15 mg/dl of the reference method at BG concentrations <75 mg/dl and within
+20% at BG concentrations =75 mg/dl."® The International Organization for Standardization (ISO) standard is currently
under review, and the revised standard is expected to tighten accuracy requirements.’® According to the draft of the
updated version of the ISO standard, 95% of the BG results shall fall within +15 mg/dl of the reference method at
BG concentrations <100 mg/dl and within +15% at BG concentrations =100 mg/dl.!®

Data on the clinical impact of accuracy of BG values are scarce. A modeling analysis reports a significant reduction of
hypoglycemic episodes with increasing accuracy of glucose meters.”” The aim of our study was to assess potential cost
savings associated with higher accuracy of glucose meters in Germany. A reduction of SMBG meter error from 20%
to 5% was used as a model for calculation.

Methods

To analyze potential cost savings due to a higher accuracy of glucose meters in Germany, four domains were identified
and included in the analysis:

1. Number of insulin-treated diabetes patients in Germany;
2. Costs for glucose monitoring in Germany;

3. Analysis of impact of higher accuracy on hypoglycemia, glycosylated hemoglobin (HbAlc), and, subsequently,
cardiovascular complications; and

4. Costs of diabetes-related complications in Germany.

Number of Patients with Insulin-Treated Diabetes in Germany

The Robert Koch Institute (central institution for health protection in Germany, serving the Federal Ministry of Health)
estimates the number of patients with diabetes in Germany to be 6 million.”® It is assumed that 5-10% of diabetes
patients are type 1 patients.”” For the analysis, 390,000 type 1 diabetes patients in Germany, equaling 6.5% of the entire
diabetes population, were included. In Germany, the total number of diabetes patients treated with insulin is estimated
to be 2.3 million.?’ Both numbers were included in the analysis.

J Diabetes Sci Technol Vol 7, Issue 4, July 2013 905 www.journalofdst.org



Higher Accuracy of Self-Monitoring of Blood Glucose in
Insulin-Treated Patients in Germany: Clinical and Economical Aspects Schnell

Costs for Glucose Monitoring in Germany

Calculation of costs of SMBG in Germany was based on current market prices (December 2012) of SMBG devices
and consumable supplies. A glucose meter was calculated at €40 cost. An amount of €0.66 per test strip was applied.
The price of lancets was calculated as €0.11 per lancet. Annual costs of SMBG for Germany were based on the
assumption of four glucose tests per day.

Analysis of Impact Of Higher Accuracy on Hypoglycemia

To assess the current knowledge on clinical effects of higher accuracy, a literature research was conducted. The target
orientated literature research included PubMed/Medline, Cochrane library, and Excerpta Medica Database. Keyword sets
combined primarily the word “diabetes (mellitus)” and one or more of the following terms: “complications,” glycemic
variability,” “blood glucose,” “self-measurement,” “insulin,” “glycosylated haemoglobin A,” “HbAlc” “accuracy,”
“(self-)monitoring,” “

computer simulation,” and “hypoglyc[alemia.” The main clinical effects are summarized.

Literature research identified 817 references. Several studies provided information on the accuracy of various handheld
SMBG meters? but did not give information on the effect of (higher) accuracy on clinical outcomes. After screening
of titles and abstracts, two publications were considered potentially relevant and were viewed in full text.”%
One publication did not provide information on clinical outcomes.®® We identified the publication by Breton and
Kovatchev to be applicable for the analysis.” In the study, the relationship between accuracy of SMBG and risk for
hypoglycemia, glucose variability, and long-term glycemic control is assessed.” This study is based on computer
simulation, which includes a validated model of the human metabolic system in patients with type 1 diabetes.?!-3*

In the study, 16,000 computer simulation trials were performed based on 100 simulated adult patients with type 1
diabetes.!”

Analysis of the Impact of Higher Accuracy on Glycosylated Hemoglobin

In order to estimate the deterioration of overall glucose control (HbAlc) due to decreased SMBG inaccuracy, Cryer®>3¢
simulated the increased risk for hypoglycemia and the related detrimental effect on diabetes control observed in
in vivo studies. Based on the formula recommended by the American Diabetes Association,”” the association between
SMBG errors and change in HbAlc was incorporated based on the data of the in silico analysis.!”

Analysis of the Impact of Higher Accuracy on Cardiovascular Complications

The United Kingdom Prospective Diabetes Study (UKPDS) risk engine provides an equation for estimating the risk of
new coronary heart disease (CHD) in people with T2DM based on data from 4540 UKPDS male and female patients.®
The risk engine® was applied to compute the effects of a reduction in HbAlc on cardiovascular outcome. In the risk
engine, CHD is defined as the occurrence of fatal or nonfatal myocardial infarction or sudden death.?® The decrease in
HbAlc, which corresponds “in silico” with the improved accuracy (5% versus 20% error), was assessed.!”

It was applied because an engine for assessing the risk of cardiovascular outcome in type 1 diabetes is currently not
available.

Costs of Severe Hypoglycemia and Myocardial Infarction in Germany

The Diabetes Control and Complications Trial reported a frequency of “severe hypoglycemia (treatment assistance
from outside is needed)” of 0.64 per patient and year and a frequency of “very severe hypoglycemia (need for medical
assistance or hospitalization due to impaired consciousness or unconsciousness)” of 0.19 per patient and year.®
These results are confirmed by other studies, some of them of German origin#** The fact that 35% of patients with
severe hypoglycemia require hospitalization and 65% can be treated by (para)medical personnel (i.e., required ambulance
use only)***> was also included into the analysis.

Costs for emergency treatment in Germany were calculated based on the Rescue Services Act of Bavaria* and German
Disease-Related Group system.*’48
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The incidence of myocardial infarction in Germany is estimated to be 280,000 cases per year,* whereof 57,000 (20.4%)
are fatal.>® The observation that 27% of all patients with myocardial infarction are diabetes patients was included in the
analyses of frequency of myocardial infarctions in the diabetes population.®? Costs related to diabetic cardiovascular
complications were calculated based on the results of the German epidemiological CoDiM-Study published by the
London School of Economics.2%5354

Results

Average annual costs for SMBG in Germany were calculated based on the local prices for test strips, lancets, and
glucose meters: 4 x (€0.66 + €0.11) x 365 days + €40 = €1164.20. This amount was incorporated into the analysis.

The impact of SMBG errors at a 5% and 20 % level on detection of hypoglycemia and HbAlc was incorporated as
reported in the in silico analysis.”

In the in silico analysis, the probability of missing a significant hypoglycemic event (defined as true glucose level of
60 mg/dl or lower) had been published as depicted in Figure 1.

As outlined in Figure 1, the probability of missing a

significant hypoglycemic event rises with the increase of A
% - 4 mg/dl
SMBG error."” In the presence of an SMBG error of 5%, 45% fo// i 7:Z/d| H
a hypoglycemic event will always be detected (Figure 1, a0% | 15% - 11mg/dl | |
20% - 15 mg/di

green curve). At the 20% error level, as permitted by the
current ISO standard,’® 1 in 10 hypoglycemic episodes
(10%) of 60 mg/dl will remain undetected.'” Based on the
in silico analysis, a 10% reduction in severe hypoglycemic
events was applied.

35%

30% [
25% [
20% [ 0
15%

Probability of missing
hypoglycemic event

As published in the in silico analysis, the average BG is
increased by 0.5 mg/dl at 5% error level and by 0.5 mg/dl I T N N B
at a 20% error level. This translates into an increase in 5% I ' ' :\'\'
HbA1lc by 0.01 at 5% error level and by 0.40 at a 20% error 0% ' . . — -
70 68 66 64 62 60 58 56 54 52 50
True plasma glucose (mg/dl)

level.”7 Thus, the reduction of the error range from 20%
to 5% will lead to an HbAlc reduction of 0.39 %.17

Figure 1. (A) Probabilities of hypoglycemic events in function of
Applying the UKPDS risk engine, a reduction in HbAlc by measurement errors. (B) Probability for missing a hypoglycemic level

. . . f 60 dl f ti f the SMBG 17
0.39% was found to be associated with a 0.5% reduction of 60 mg/dl as a function of the error
in CHD.3®

As an interim summary, a 10% reduction in severe hypo-

glycemic events and a 0.5% reduction in CHD have been Table 1.
identified as clinical effects related to higher accuracy of Costs of Severe Hypoglycemia

SMBG meters (5% versus 20%). . Costs (€) . .
Unit Calculation basis
per event
As a next step, the costs of hypoglycemic events and the Ambulance 520 Rescue Services Act of Bavaria

costs for CHD were included in the analysis based on
46-48 ;

cur.rent data ‘from Germany. Table 1 prov1de:;1 the mellitus without complicating

estimated unit costs for emergency treatment of hypo- Hospitalization diagnosis, age >10 years, without

lycemia in Germany. serious comorbidities, without
&y Y (very severe 2021 ketoacidosis, without complex

German DRG K60 E:*" Diabetes

hypoglycemia) multimodal treatment. Factor 0.676;
Costs for hospitalization due to severe hypoglycemia base rate (mean of 16 states,
.48
were calculated as follows: €520 + €2012 = €2541. year 2012):* €2990
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Thirty-five percent of all cases of very severe hypoglycemia are hospitalized, 65% treated by ambulance only.*44°
To calculate the average cost for a severe hypoglycemic event, the aspect was incorporated into the analysis: €2541 x 0.35)
+ (€520 x 0.65) = €1227.

According to the German data of myocardial infarctions,**? the occurrence of 75,600 myocardial infarctions annually
was calculated for diabetes patients, equaling 1.26% of 6 million diabetes patients. In German type 1 diabetes patients
(390,000 patients), this equals 4914 patients with a myocardial infarction annually, of whom 1002 have a fatal event
and 3912 have a nonfatal event. In 2.3 million German patients with insulin-treated diabetes, 28,980 patients with a
myocardial infarction were calculated per year (equaling 1.26%), of whom 5912 have a fatal event and 23,068 have a
nonfatal event.

L o Table 2.
Costs for myocardial infarction in Germany, as assessed

by the German epidemiological CoDiM Study,?%5

Summary of Parameters Incorporated into the
Analysis

ere calculated to be €9767 per myocardial infarction
w 0 €976 p X yo 0 Type 1 diabetes patients in Germany 390,000
and €4032 for costs related to the first year of follow-up : —— —
after an acute myocardial infarction. Adding the two Insulin-treated patients in Germany 2.3 million
parameters of costs for myocardial infarction, €13,799 Annual costs for SMBG in Germany (average) €1164.20
per successfully treated myocardial infarction were Reduction in severe hypoglycemic events caused by 10%
incorporated into the analysis. reduction of SMBG meter error from 20% to 5% ?

HbA1c reduction caused by reduction of SMBG 0.39%
Table 2 summarizes the results of the data incorporated meter error from 20% to 5%
into the analysis: Costs of severe hypoglycemia

Ambulance €520
Cost Analysis of Improvement of Accuracy from Hospitalization £2021
20% to 5% Average cost €1227
Severe hypoglycemic episodes have been reported to occur Costs of myocardial infarction
at a rate of 0.19 times per patient and year. Based on the Acute o767
Lo . . . u

10% reduction in severe hypoglycemic episodes, savings
per patient were calculated as follows: €1227 x 10% x 0.19 Follow-up (first year) €4032
= €23.32. Successfully treated myocardial infarction €13,799

Costs for myocardial infarction in type 1 diabetes patients were calculated as follows: 1002 cases x €9767 + 3912 cases
x €13,799 = €9,786,543 + €53,981,688 = €63,768,222.

Total costs of myocardial infarction in the entire group of insulin-treated patients were also analyzed: 5912 cases x €9767
+ 23,068 cases x €13,799 = €57,742,504 + €318,315,332 = €376,057,836.

A 0.5 % reduction in fatal and nonfatal myocardial infarction in type 1 diabetes patients translates into savings as
follows: €63,768,222 x 0.5% = €318,841 per year or €0.82 per patient with type 1 diabetes and year. Modeling 2.3 million
patients with insulin-treated diabetes, savings can be calculated as follows: €376,057,836 x 0.5% = €1,880,289 per year
or €0.82 per insulin-treated patient per year.

Adding annual savings due to prevented hypoglycemia (€23.32 per patient per year) and due to myocardial infarction
(€0.82 per patient per year), total savings of €24.14 per patient per year were calculated.

Considering the number of 390,000 type 1 diabetes patients in Germany, this will add up to potential annual savings
of €9.41 million. Analyzing the savings for 2.3 million patients with insulin-treated diabetes, the sum will add up to

€55.52 million.

Table 3 summarizes the results of the cost analysis.
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Discussion able

In our analysis, potential cost savings due to higher
accuracy of SMBG devices in Germany were analyzed
on the basis of a reduction in SMBG error range from
20% to 5%. In Germany, the clinical effects translate to
potential cost savings of €24.14 per patient per year.
. o

Based on the German health care system, this may add 0-5 % reduction in fatal and nonfatal €0.82

. . . . myocardial infarction
up to annual savings of €9.4 million in type 1 diabetes

Annual cost savings per patient

10% reduction in severe hypoglycemic

; €23.32
episodes

patients and €55.5 million in the entire group of insulin- In total €24.14
treated patients. In light of annual diabetes-related costs Annual savings for the German health care system

in Germany of €19.1 billion,?® the savings are considered 390,000 type 1 diabetes patients €9.41 million
to be a substantial contribution to reducing costs in the 2.3 million insulin-treated patients €55.52 million

health care system of Germany.

Data of an in silico analysis were included in our analysis,”” which demonstrated that a higher accuracy may translate
into a 10% reduction of severe hypoglycemic events and a mean HbAlc reduction of 0.39%. Applying the UKPDS risk
engine, this reduction in HbAlc will lead to a 0.5 % reduction in CHD.

The reduction in HbAlc, hypoglycemic events, and the occurrence of CHD are key indicators of an improved clinical
outcome in the patients. A reduction in HbAlc in response to structured SMBG has also been shown to be related to
reductions of the cardiovascular risk biomarker high-sensitivity C-reactive protein.>

The evidence for the clinical benefit of SMBG in diabetes is increasing.”!%¢-5 The current study supports the view that
SMBG is cost-effective and contrasts with some previous observations.’>#5%% These studies, however, were criticized for
not having included a structured educational and therapeutic component in response to BG values.®® Small sample sizes
or, in case of meta-analyses, exclusion of relevant data have also been reported to be limitations.®!

Current results of SMBG studies are based on data of BG meters, which adhere to less stringent accuracy standards.
In the 2003 ISO standard, deviations up to +15 mg/dl at glucose concentrations <75 mg/dl and up to 20% at glucose
concentrations =75 mg/dl are allowed.® According to our analysis, a reduction of SMBG error range from 20% to 5% will
be associated with an HbAlc reduction of 0.39%."” With the technical realization of a 5% error range provided, this
reduction in HbAlc may hypothetically be added to decreases in HbAlc related to SMBG in other trials. This may
further tone down potential doubts about clinical efficacy of SMBG. Equally, aspects of cost-effectiveness might
be redefined.

It is also to be considered that an increase in costs for SMBG may also adversely influence potential savings.

The results of this study also underline the need to develop more accurate BG meters and to implement tighter ISO
standards.

Conclusion

The analysis demonstrates that a higher accuracy of BG meters is not only associated with reductions of hypoglycemic
events and cardiovascular complications, but also opens up a significant potential for cost savings. The findings should
provide an impetus to development of BG meters that provide the highest possible accuracy. Tightening of accuracy
standards by health care authorities will further enhance the process.
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