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Summary

OBJECTIVES: To evaluate the cost-effectiveness of self-
monitoring of blood glucose (SMBG) in patients with type
2 diabetes treated with oral anti-diabetic agents (OADs) in
Switzerland.

METHODS: A validated computer model of diabetes
was used to project outcomes reported from a published
longitudinal study of SMBG in type 2 diabetes patients,
treated with OADs and with no history of SMBG, over a
30-year time horizon and cost-effectiveness was assessed
from the perspective of a third party healthcare payer. Costs
and clinical outcomes were discounted at 3% annually in
line with recommended practice. Sensitivity analyses were
performed.

RESULTS: Once, twice or three times daily SMBG
was associated with improvements in HbA1c which led
to increased life expectancy and quality-adjusted life ex-
pectancy, and reduced incidence of diabetes complications
compared with no SMBG in type 2 diabetes patients on
OADs. Direct medical costs increased by CHF 528, CHF
1'650 and CHF 2'899 in patients performing SMBG once,
twice or three times daily compared to those not using
SMBG, respectively. Incremental cost-effectiveness ratios
were well below commonly quoted willingness-to-pay
thresholds at CHF 9'177, CHF 12'928 and CHF 17'342 per
quality-adjusted life year (QALY) gained respectively.

CONCLUSIONS: Based on data from a large observa-
tional study, SMBG is likely to be cost-effective by gen-
erally accepted standards in SMBG-naïve patients on oral
anti-diabetic agents in the Swiss setting.

Key words: bood glucose; self-monitoring of blood
glucose; SMBG; type 2 diabetes; cost; cost-effectiveness;
QALY

Introduction

The prevalence of type 2 diabetes continues to increase
globally [1].While there is a paucity of Switzerland-spe-
cific prevalence data, a recent population-based study in
Lausanne reported a diabetes prevalence of 6.6% amongst
35–75 year old Caucasians [2]. This high and increasing
prevalence is imposing an ever greater economic burden on
healthcare payers, driving efforts to optimise the manage-
ment of patients with type 2 diabetes. The potential value
of self-monitoring of blood glucose (SMBG), as part of a
multifaceted management strategy in patients not receiv-
ing insulin treatment, has been a contentious issue in re-
cent years. Although SMBG is widely considered to be an
effective and cost-effective measure in type 1 diabetes pa-
tients [3, 4] and insulin-treated type 2 diabetes patients [5,
6], there has been much debate surrounding its use in type 2
diabetes patients on oral anti-diabetic agents (OADs) [7, 8].
This is reflected in the Swiss healthcare system where re-
imbursement for SMBG strips is currently restricted to 400
per year in patients with type 2 diabetes treated with OADs
only [9].

There is conflicting evidence from a number of ran-
domised clinical trials performed to assess the effective-
ness of SMBG in terms of blood glucose control (as meas-
ured by HbA1c) in type 2 diabetes patients on OADs
[10–16]. A number of meta-analyses have been published
which attempt to address the reliability of the data resulting
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from these studies. A study by Welschen et al., for ex-
ample, concluded that the overall effect of SMBG was a
statistically significant decrease of 0.39% in HbA1c [17].
However, the authors noted that the results should be in-
terpreted with caution as the methodological quality of the
majority of studies was limited. To comprehensively assess
the effectiveness of SMBG in patients on OADs, the au-
thors concluded that a large, randomised clinical trial with
long-term follow-up would be necessary to measure quality
of life, well-being, patient satisfaction and hypoglycemia.

No such randomised study has yet been published, al-
though a large 4-year observational study of 16,091 pa-
tients initiating SMBG was released shortly after public-
ation of the Welschen meta-analysis [18]. The study was
based on the Kaiser Permanente diabetes registry in the
US and contained over 30,000 patients in total, stratified
by history of SMBG use, daily frequency of SMBG, type
of diabetes and current treatment regimen. Of these, 5,867
patients were newly initiating SMBG and were on OADs
only. In this subgroup, HbA1c reductions of 0.32%, 0.77%
and 1.0% were observed in patients performing once daily,
twice daily and three times daily SMBG respectively. Also
of note was the observation of an HbA1c reduction of
0.16% in patients with a history of SMBG use who in-
creased testing frequency by one strip per day. No addi-
tional HbA1c benefit was observed in patients performing
SMBG more than three times per day.

Based on these real-world findings, we performed a
health economic analysis designed to estimate the long-
term clinical and cost outcomes associated with introdu-
cing regular SMBG as part of the management of type 2
diabetes patients not on insulin, in Switzerland.

Methods

Model and statistical methodology
Long-term health and economic outcomes associated with
the use of SMBG were modelled using the CORE Diabetes
Model, a validated and peer-reviewed computer simulation
model of type 1 and 2 diabetes. A detailed description
of the model and its validation has been published previ-
ously [19, 20]. In brief, the model comprises of 15 inter-
dependent semi-Markov sub-models, each of which mod-
els the progression of a diabetes-related complication (in-
cluding non-diabetes mortality). The complications mod-
elled are angina, myocardial infarction, congestive heart
failure, stroke, peripheral vascular disease, diabetic retino-
pathy, macular edema, cataract, hypoglyemia, ketoacidos-
is, lactic-acidosis, nephropathy, neuropathy, foot ulcer and
amputation. Each sub-model simulates progression through
complication-specific disease states using time-, state- and
diabetes type-dependent transition probabilities sourced
from numerous published clinical studies. Where clinical
interactions between diabetes complications have been es-
tablished, the corresponding sub-models are able to repro-
duce such interaction by tracker variable-mediated modi-
fication of transition probabilities. The model allows dis-
ease management and economic settings to be altered to
reflect country-specific patterns of care.

The health economic analysis used a non-parametric
bootstrapping approach, which modelled the progression of
diabetes in a simulated 1,000-patient cohort. Second-order
Monte Carlo simulation methods were employed to calcu-
late the mean and standard deviation of costs, life expect-
ancy and quality-adjusted life expectancy over 1,000 iter-
ations [21]. Mean results from each iteration were used to
create cost-effectiveness scatter plots which compared the
differences in clinical and cost outcomes for patients us-
ing SMBG with those not using SMBG. These plots were
then used to generate acceptability curves to assess the like-
lihood of SMBG being considered cost-effective over a
range of willingness-to-pay thresholds up to CHF 120'000
per quality-adjusted life year (QALY) gained.

The model estimated the impact of SMBG on life ex-
pectancy, quality-adjusted life expectancy (based on pre-
viously published health utilities), cumulative event rates
of diabetes-related complications, direct medical costs and
incremental cost-effectiveness ratios (ICERs) over patient
lifetimes, in line with health economic evaluation
guidelines [19, 22].

Simulation cohort
The baseline characteristics of a hypothetical patient cohort
were defined using the baseline demographics and com-
plication status of type 2 diabetes patients on OADs initiat-
ing SMBG in a longitudinal study of SMBG by the Kaiser
Permanente healthcare group [18]. Mean baseline age was
62.8 years and mean baseline HbA1c was 8.6%. These data
were supplemented, where necessary, with patient-specif-
ic data from a previous Kaiser Permanente study in type 2
diabetes patients or with data from the type 2 diabetes sub-
population of the NHANES study population survey (table
1) [5, 23, 24]. The base case analysis presented here there-
fore reports outcomes for a patient cohort similar to that
participating in the Kaiser Permanente studies in terms of
clinical and demographic characteristics, but within Swiss
settings.

Treatment effects
Treatment effects in patients initiating SMBG versus those
not using SMBG were taken from trial reports provided
by Kaiser Permanente relating to the published study. The
study reported SMBG use by average daily frequency ran-
ging from 0.5 to 3 times daily in intervals of 0.5 tests per
day. Frequencies of 0.5–1 times, 1.5–2 times and 2.5–3
times daily corresponded to HbA1c reductions of 0.32%,
0.77% and 1.0%, respectively, when compared with pa-
tients performing SMBG 0.5 times daily or less. It was con-
servatively assumed that the maximum testing frequency
in each range was required to achieve the corresponding
HbA1c improvement. Patients followed a treatment al-
gorithm in line with published reports involving failure of
OADs after five years and progression to an insulin-based
regimen thereafter. Increased costs of treatment were ac-
counted for after the treatment switch, although it was as-
sumed that no further improvement in glycemic control
would occur after initiation of insulin, despite the continu-
ation of SMBG. In all cases, the HbA1c improvement asso-
ciated with SMBG was applied in the first year of the sim-
ulation, after which HbA1c followed a natural progression

Original article Swiss Med Wkly. 2010;140:w13103

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 2 of 10



based on the UKPDS Outcomes Model, in which HbA1c
values converge with time [25].

Costs and utilities
Direct medical costs were expressed in 2006 Swiss Francs
(CHF). Swiss unit costs were retrieved from published
sources and those not expressed in 2006 CHF were inflated
using indices from the Swiss Statistical Yearbook 2006,
published by the Swiss Federal Statistical Office [26].
Where Swiss costs could not be identified, no costs were
accounted for. Direct medical costs were calculated as the
sum of drug acquisition costs, patient management costs
and the cost of complications (table 2 and 3). In the absence
of health utility data specific to the Swiss setting, utilities
were taken primarily from the UKPDS and, where neces-
sary, supplemented with type 2 diabetes-specific utilities as
previously reported [19].

Discounting, time horizon and perspective
In all analyses, costs were accounted for from the perspect-
ive of a third-party healthcare payer. To capture lifetime
costs and complications, the base case analysis was run
over a time horizon of 30 years (with a mean baseline age
of 62.8 years). Economic and health-related outcomes were
discounted at 3% per annum in line with current recom-
mendations [27].

Sensitivity analyses
A number of one-way sensitivity analyses were performed
on key assumptions to assess the magnitude of their in-
fluence on outcomes in the once-daily base case. To ad-
dress the question of attainable SMBG-associated HbA1c
benefits, the HbA1c reduction associated with once-daily
SMBG was varied from 25% to 150% of that observed in
the Kaiser Permanente study (absolute HbA1c reductions
of 0.08% and 0.48%, respectively), in 25% intervals. As-
sumptions around the subsequent maintenance of HbA1c
improvement were investigated by running two sensitivity
analyses using a linear annual HbA1c increase of 0.15% in
both arms (hence maintaining the improvement applied to
SMBG patients). This linear increase assumption was ap-
plied over the first five years of the analysis (simulating a
maintained HbA1c benefit on OADs) and then over the full
time horizon (simulating a maintained benefit on OADs
and insulin). In both cases, these assumptions replaced the
UKPDS regression formula used in the base case, in which
HbA1c values in the two arms converge with time. The ef-
fect of the time horizon was then evaluated by reducing
it from 30 years in the base case to between 5 and 25
years in the sensitivity analyses. The impact of clinical and
cost discounting was assessed by varying it from 3% in
the base case to 0% and 6%. To investigate the projected
effect of SMBG in a Swiss cohort, a sensitivity analysis
was performed in which baseline cohort data were taken
from a retrospective cost study in type 2 diabetes patients in
Switzerland [28]. Finally, the effect of varying SMBG fre-
quency was also assessed by increasing frequency to twice
and three times daily tests and accounting the associated
costs and HbA1c benefit in line with the Kaiser Perman-
ente study.

Results

Long-term clinical outcomes
Use of once, twice or three times daily SMBG was projec-
ted to increase life expectancy and quality-adjusted life ex-
pectancy, and to reduce diabetes complications when com-
pared with no SMBG in SMBG-naïve patients with type
2 diabetes on OADs (tables 4 and 5). Improvements in
HbA1c associated with SMBG led to long-term benefits
in projected, undiscounted life expectancy of 0.104, 0.235
and 0.311 years for once, twice and three times daily
SMBG respectively versus no SMBG. Acquiring patients’
quality of life in the analysis also showed long-term be-
nefits with SMBG. Incremental quality-adjusted outcomes
were found to increase with frequency of SMBG, showing
discounted quality-adjusted life expectancy of 0.058, 0.128
and 0.167 QALYs for SMBG performed once, twice and
three times per day respectively compared with no SMBG.

Increasing daily frequency of SMBG also led to de-
creased incidence of diabetes-related complications. The
cumulative incidence of all complications projected over
patient lifetimes are shown in table 5 for the base case and
for twice and three times daily SMBG. Reductions in the
incidence of both micro- and macrovascular complications
were observed. For instance, background retinopathy was
seen to decrease from 19.0% in patients not using SMBG
to 15.2% in patients performing SMBG three times daily,

Figure 1

Incremental cost-effectiveness scatter plots for SMBG once (A),
twice (B) and three times daily (C) SMBG versus no SMBG. Cost-
effectiveness acceptability curves for once, twice and three times
daily SMBG versus no SMBG (D).

Figure 2

Incremental cost-effectiveness ratios for once daily SMBG versus
no SMBG over a range of HbA1c benefits.
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while incidence of end-stage renal disease decreased by
33% (from 3.4% without SMBG to 2.2% in three times
daily SMBG patients). A reduction in incidence was also
observed across all macrovascular complications with the
exception of stroke. For example, acute myocardial infarc-
tion was projected to decrease from 27.3% in patients not
performing SMBG to 24.2% in three times daily SMBG
patients. The projected increase in the cumulative inciden-
ce of stroke was likely due to the increased life expectancy
of patients using SMBG, representing a survival paradox
in which healthier patients are exposed to risk factors for
longer and therefore experience more complication events.

Long-term costs and cost-effectiveness
SMBG, regardless of frequency, was associated with in-
creased direct medical costs over patient lifetimes when
compared with no SMBG (Table 6). Specifically, total costs
increased by CHF 528, CHF 1'650 and CHF 2'899 in pa-

tients performing SMBG once, twice and three times daily
respectively, when compared with those not performing
SMBG. Pharmacy costs (including costs associated with
SMBG) were markedly higher in patients using SMBG
(CHF 2'203, CHF 4'150, and CHF 5'987 higher for once,
twice and three times daily respectively compared with
no SMBG), but this was partially offset by cost savings
arising from reduced incidence of micro- and macrovas-
cular complications, particularly renal complications (CHF
–751, CHF –1'238 and CHF –1'474 respectively).

Estimated incremental cost-effectiveness ratios
(ICERs; calculated as the difference in costs divided by the
difference in effectiveness) were CHF 9'177, CHF 12'928
and CHF 17'342 per QALY gained for once, twice and
three times daily SMBG respectively, indicating that the in-
troduction of SMBG is likely to be cost-effective by gen-
erally accepted standards in Switzerland (table 6). Mean
incremental cost and quality-adjusted life expectancy val-

Table 1
Baseline characteristics of the simulated patient cohort.

Characteristic Mean value (+/- SD) Reference
Demographics Age (years) 62.8 (11.8) 18

Duration of diabetes (years) 12 (0) 24

Proportion male 0.575 18

Baseline risk factors HbA1c (%) 8.6 (2) 18

SBP (mmHg) 135 (0) 24

Total cholesterol (mmol/L) 5.43 (0) 24

HDL (mmol/L) 1.14 (0) 24

LDL (mmol/L) 3.15 (0) 24

BMI (kg/m2) 32 (0) 24

Current smokers (%) 21 24

Baseline cardiovascular complications Prevalence of MI (%) 10.8 24

Prevalence of angina (%) 11.2 24

Prevalence of PVD (%) 14 24

Prevalence of stroke (%) 8.8 24

Prevalence of HF (%) 8.2 24

Prevalence of atrial fibrillation (%) 0.75 24

Prevalence of LVH (%) 4.2 24

Baseline renal complications Prevalence of MA (%) 28.2 24

Prevalence of GPR (%) 7.6 24

Prevalence of ESRD (%) 0.4 24

Other baseline complications Prevalence of BDR (%) 39 24

Prevalence of PDR (%) 3 24

Prevalence of SVL (%) 2.2 24

Prevalence of cataract (%) 5.2 24

Prevalence of healed ulcer (%) 10.5 24

Prevalence of amputation (%) 2.6 24

Prevalence of neuropathy (%) 40 24

Concomitant medications Taking ACE inhibitor or ARB (%) 25 24

Taking statins (%) 80 Expert opinion

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BDR = background diabetic retinopathy; BMI = body mass index; ESRD = end-stage
renal disease; GPR = gross proteinuria; HbA1c = glycated haemoglobin; HDL = high density lipoprotein cholesterol; HF = heart failure; LDL = low density lipoprotein
cholesterol; LVH = left ventricular hypertension; MA = microalbuminuria; MI = myocardial infarction; PDR = proliferative diabetic retinopathy; PVD = peripheral
vascular disease; SBP = systolic blood pressure; SVL = severe vision loss

Table 2
Annual treatment costs in 2006 Swiss Francs.

SMBG frequency Cost in year 1 (CHF) Cost in years 2+ (CHF)
No SMBG 1848.81 1848.81

Once daily 2479.39 2399.39

Twice daily 2962.47 2882.47

Three times daily 3445.54 3365.54

Annual costs are based on Switzerland-specific costs for routine treatments and medications. CHF = Swiss Franc, 2006 values.
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ues from the 1,000 model iterations were used to generate
scatter plots on the cost-effectiveness plane (figure 1 A, B
and C). This analysis showed that the upper right quad-
rant of the plane contained the largest proportion of points
(43.9%, 59.3% and 70.6% for once, twice and three times
daily SMBG respectively), indicating increased effective-
ness and costs associated with SMBG use when compared
with no SMBG. Once daily, twice daily and three times
daily SMBG was associated with both increased effective-
ness and cost savings in 20.0%, 22.8% and 17.5% of model
iterations, respectively. The same data were used to plot a
cost-effectiveness acceptability curve to illustrate the pro-
portion of values that fell below a range of willingness-to-
pay thresholds and hence the likelihood that SMBG would
be considered cost-effective (figure 1D). Assuming a
willingness-to-pay threshold of CHF 80'000 per QALY, in
line with a recently published analysis in the Swiss set-
ting [29], there was a 66.8% chance that once daily SMBG
would be cost-effective. This rose to 80.9% and 83.9% for
twice and three times daily SMBG, respectively.

Sensitivity analyses
The sensitivity analyses demonstrated that projected out-
comes were most sensitive to the time horizon of the sim-
ulation, the modelled HbA1c improvement and, to a lesser
extent, the assumptions regarding progression of HbA1c
(table 7). To assess the magnitude of the effect of HbA1c

improvement on cost and effectiveness outcomes, a series
of analyses were performed in which the HbA1c improve-
ment was varied from 25% to 150% in 25% intervals,
where 100% represented the HbA1c reduction observed
in once daily SMBG patients in the Kaiser Permanente
study. The ICERs from these analyses are presented in
figure 2. The 25% “worst case” scenario gave an ICER
of CHF 51'455 per QALY gained, which would still be
considered cost-effective in the Swiss setting. The 150%
scenario, which modelled an absolute HbA1c reduction of
0.48% in once daily SMBG users, resulted in a projected
ICER of CHF 4'790 per QALY gained. Sensitivity ana-
lyses, in which the HbA1c progression was changed from
the UKPDS regression formula to a linear increase of
0.15% per year, resulted in ICERs of CHF 9'990 per QALY
(with the linear increase applied on both OADs and insulin)
and CHF 10'046 per QALY (with the linear increase ap-
plied on OADs only and the UKPDS regression formula
applied thereafter).

For time horizons less than 30 years, the corresponding
ICERs were greater, but only exceeded CHF 80'000 per
QALY in the five year scenario (table 7). The increase in
ICER values at shorter time horizons was due to the re-
duced time period in which the benefits of lower HbA1c
levels can be accounted. For example, any cost savings res-
ulting from decreased incidence of complications that typ-
ically occur at later time points, such as myocardial infarc-

Table 3
Annual treatment costs in 2006 Swiss Francs.

Complication Cost (CHF)
Myocardial infarction, year of event 19'930

Myocardial infarction, each subsequent year 2'638

Angina, year of event 10'799

Angina, each subsequent year 2'683

Congestive heart failure, year of event 13'341

Congestive heart failure, each subsequent year 13'341

Stroke, year of event 35'499

Stroke, each subsequent year 9'184

Stroke death within 30 days 4'321

Haemodialysis, first year 80'995

Annual costs of haemodialysis, each subsequent
year

80'995

Peritoneal dialysis, first year 41'944

Peritoneal dialysis, each subsequent year 41'944

Kidney transplant costs, first year 85'504

Kidney transplant, each subsequent year 15'579

Major hypoglycemic event 4'379

Minor hypoglycemic event 0

Ketoacidosis event 5'000

Laser treatment for retinal photocoagulation 1'459

Cataract operation, year of operation 4'902

Annual cost following cataract operation 118

Annual cost of blindness 5'064

Neuropathy, year of onset 2'011

Neuropathy, each subsequent year 2'011

Amputation, year of event 25'815

Amputation, prosthesis 3'366

Gangrene treatment 6'078

Annual cost after healed ulcer 181

Infected ulcer 5'180

Standard uninfected ulcer 2'002

All costs from Brändle et al. 2009 [26]. CHF = Swiss Franc, 2006 values.
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tion or end-stage renal disease, would not be captured over
a five year time horizon. Varying discount rates to 0% and
6% had a minor effect on outcomes, changing the ICER
by CHF –3'466 and CHF +5,293 per QALY respectively.
Finally, the sensitivity analysis in which baseline cohort
characteristics were taken from a Swiss cohort resulted in
an ICER of CHF 12,056 per QALY gained, an increase of
CHF 2'879 per QALY from the base case.

Discussion

Based on clinical data from the Kaiser Permanente out-
comes study, the use of SMBG in type 2 diabetes patients
on OADs was projected to increase life expectancy and

quality-adjusted life expectancy, and to reduce diabetes
complications in a Swiss setting compared with no SMBG.
Direct costs were projected to increase at any frequency of
SMBG, although the greatest cost increase of CHF 2'899,
observed in patients performing SMBG three times daily,
resulted in an ICER of CHF 17'342 per QALY, representing
good value for money according to commonly quoted
willingness-to-pay thresholds in Switzerland.

In light of the results of the present analysis, it is im-
portant to note that the purported benefits of SMBG in
terms of glycemic control remain controversial in type 2
diabetes patients treated with OADs. As has been noted
previously, the process of simply measuring blood glucose
is ineffective in terms of improving clinical outcomes [8,
3]. Rather, SMBG provides information that can subse-

Table 4
Summary of life expectancy results for once, twice and three times daily SMBG compared with no SMBG.

Outcome No SMBG 1x daily SMBG Δ 2x daily SMBG Δ 3x daily SMBG Δ
Discounted life expectancy (years) 8.139

(0.148)
8.207
(0.153)

0.068
(0.206)

8.292
(0.157)

0.153
(0.215)

8.343
(0.161)

0.204
(0.213)

Undiscounted life expectancy (years) 10.155
(0.212)

10.259
(0.218)

0.104 10.390
(0.223)

0.235 10.466
(0.233)

0.311

Discounted quality-adjusted life expectancy
(QALYs)

5.155
(0.095)

5.212
(0.098)

0.058
(0.133)

5.283
(0.103)

0.128
(0.139)

5.322
(0.105)

0.167
(0.140)

Undiscounted quality-adjusted life expectancy
(QALYs)

6.381
(0.133)

6.464
(0.137)

0.083 6.566
(0.143)

0.185 6.623
(0.148)

0.242

Values are presented as mean (standard deviation). CHF = Swiss Franc, 2006 values; QALY = quality-adjusted life year

Table 5
Cumulative incidence of diabetes complications and complication-related mortality over patient lifetimes.

No SMBG Once daily SMBG Twice daily SMBG Three times daily SMBG
Complication Incidence (%) Incidence (%) Δ Incidence (%) Δ Incidence (%) Δ
CHF event 32.109 (1.507) 31.225 (1.489) –0.884 30.530 (1.549) –1.579 30.108 (1.547) –2.001

PVD onset 14.702 (1.207) 13.769 (1.274) –0.933 12.904 (1.135) –1.798 12.483 (1.169) –2.219

Angina 18.791 (1.257) 18.308 (1.343) –0.483 17.779 (1.274) –1.012 17.742 (1.309) –1.049

Stroke event 22.924 (1.288) 23.238 (1.302) +0.314 23.537 (1.384) +0.613 23.603 (1.380) +0.679

MI event 27.342 (1.415) 26.154 (1.317) –1.188 24.994 (1.374) –2.348 24.249 (1.361) –3.093

MA 31.266 (1.764) 28.972 (1.803) –2.294 26.766 (1.726) –4.500 25.642 (1.743) –5.624

GRP 12.292 (1.028) 10.973 (1.006) –1.319 9.637 (0.939) –2.655 9.149 (0.941) –3.143

ESRD 3.351 (0.578) 2.797 (0.504) –0.554 2.407 (0.491) –0.944 2.231 (0.433) –1.120

BDR 19.049 (1.708) 17.398 (1.589) –1.651 15.937 (1.548) –3.112 15.221 (1.461) –3.828

PDR 2.297 (0.474) 2.102 (0.465) –0.195 1.891 (0.425) –0.406 1.757 (0.425) –0.540

ME 14.758 (1.141) 13.380 (1.078) –1.378 12.250 (1.027) –2.508 11.651 (1.010) –3.107

SVL 8.427 (0.927) 7.855 (0.883) –0.572 7.364 (0.785) –1.063 7.082 (0.804) –1.345

Cataract 7.247 (0.847) 6.998 (0.961) –0.259 6.724 (0.779) –0.523 6.636 (0.791) –0.611

Values are presented as mean (SD). Δ represents the difference from no SMBG. BDR = background diabetic retinopathy; CHF = congestive heart failure; ESRD = end-
stage renal disease; GRP = gross proteinuria; LDL = low density lipoprotein cholesterol; LVH = left ventricular hypertension; MA = microalbuminuria; ME = macular edema;
MI = myocardial infarction; PDR = proliferative diabetic retinopathy; PVD = peripheral vascular disease; SVL = severe vision loss

Table 6
Summary of cost and cost-effectiveness results for once, twice and three times daily SMBG compared with no SMBG.

Outcome No SMBG 1x daily SMBG Δ 2x daily SMBG Δ 3x daily SMBG Δ
Treatment (CHF) 24'651 26'854 +2,203 28'801 +4,150 30'638 +5'987

Management (CHF) 7'757 7'785 +28 7'842 +85 7'864 +107

CVD (CHF) 46'607 46'199 –408 45'979 –628 45'756 –851

Renal (CHF) 5'200 4'449 –751 3'962 –1,238 3'726 –1'474

Ulcer, amputation and neuropathy (CHF) 28'353 28'013 –-340 27'914 –439 27'835 –513

BDR, PDR, ME and SVL (CHF) 3'459 3'334 –125 3'177 –282 3'108 351

Hypoglycemia (CHF) 33 33 0 34 +1 32 –1

Total lifetime costs (CHF) 116'059 116'587 +528 117'709 +1,650 118'958 +2'899

ICER (CHF/year) – 7'731 – 10'706 – 14'229 –

ICER (CHF/QALY) – 9'177 – 12'928 – 17'342 –

Costs are presented as mean (standard deviation). BDR = background diabetic retinopathy; CHF = Swiss Franc, 2006 values; CVD = cardiovascular disease; ICER =
incremental cost-effectiveness ratio; ME = macular edema; PDR = proliferative diabetic retinopathy; QALY = quality-adjusted life year; SVL = severe vision loss.
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quently inform changes in treatment protocols and, poten-
tially, lead to improved glycemic control. A number of
meta-analyses investigating SMBG have reported statistic-
ally significant HbA1c reductions of between 0.16% and
0.4% in orally-treated patients performing SMBG com-
pared with those not performing SMBG [17, 31–35].
However, as Welschen et al.reported, there is considerable
inter-trial heterogeneity with regard to the included inter-
ventions and patient populations. Methodological concerns
regarding the within-trial treatment allocation and provi-
sion of patient education were also cited as potential
caveats.

Some of the inter-trial variability observed in the
SMBG meta-analyses might be explained by the differen-
ces observed between new and prevalent users of SMBG
in the Kaiser Permanente study. Pooling of users initiating
SMBG with prevalent users is likely to bias outcomes de-
pending on the proportion of each user group in the final
cohort, data that are rarely reported, even in SMBG-fo-
cused studies. Reassuringly however, sensitivity analyses
using a reduction of only 0.08% in HbA1c demonstrated
that SMBG was still cost-effective versus no SMBG.

Furthermore, a recent systematic review and meta-ana-
lysis by Allemann et al. showed that SMBG use was asso-
ciated with a larger reduction in HbA1c than no SMBG in
non-insulin treated type 2 diabetes patients [36]. The ana-

lysis, which was based on 15 randomised trials including a
total of 3,270 patients, reported a weighted mean difference
of –0.31% between SMBG and no SMBG (95% confiden-
ce interval -0.44 to -0.17), which was 0.01% less than the
reduction reported in the Kaiser Permanente study which
formed the basis of the present analysis. The Allemann et
al. meta-analysis also noted that the effect of SMBG use
on HbA1c tended to be greatest in patients with poor gly-
cemic control, a sub-population in which reimbursement
of SMBG strips would likely represent excellent value for
healthcare spending. Finally, Allemann et al.reported an in-
creased probability of detection of hypoglycemia in SMBG
users, leading to potential improvements in safety and com-
pliance in addition to the reported benefits in glycemic con-
trol.

Another recent study, reported by Farmer et al., was
based on the DiGEM primary care randomised controlled
trial and lacked many of the confounding factors present
in the meta-analyses [30]. The study reported a decrease
in HbA1c of 0.17% over 12 months in the intensive self-
monitoring group compared with no change in the control
group, but the result was shown to not be statistically sig-
nificant (p = 0.12). However, Farmer and colleagues’ study
highlights some of the difficulties associated with assessing
the impact of SMBG in a randomised controlled trial en-

Table 7
Summary of sensitivity analysis results for once daily SMBG versus no SMBG.

Sensitivity analysis Quality-adjusted life
expectancy (QALYs)

Direct costs (CHF) ICER (CHF per QALY gained)

1x daily
SMBG

No
SMBG

Difference 1x daily
SMBG

No SMBG Difference 1x daily SMBG versus
no SMBG

Difference from
base case

Base case 5.212
(0.098)

5.155
(0.095)

0.058
(0.133)

116'587
(3,364)

116'059
(3,308)

528
(4,503)

9,177 N/A

5 year time horizon 2.596
(0.030)

2.586
(0.031)

0.010
(0.041)

41'998
(1,169)

40'521
(12,84)

1,477
(1,641)

145,239 +136,062

10 year time horizon 4.107
(0.061)

4.074
(0.063)

0.033
(0.083)

77'468
(2,007)

76'713
(1,916)

755
(2,670)

22,968 +13,791

15 year time horizon 4.820
(0.075)

4.769
(0.083)

0.050
(0.103)

99'507
(2,566)

98'650
(2,702)

857
(3,543)

17,038 +7,861

20 year time horizon 5.099
(0.092)

5.031
(0.093)

0.068
(0.122)

110'544
(2,935)

109'550
(2,992)

994
(3,830)

14,551 +5,374

25 year time horizon 5.190
(0.099)

5.121
(0.101)

0.069
(0.131)

115'151
(3,275)

114'182
(3,158)

969
(4,404)

13,976 +4,799

0% discount rates 6.464
(0.137)

6.381
(0.133)

0.083
(0.188)

153'765
(4,922)

153'290
(4,807)

475
(6,604)

5,711 -3,466

6% discount rates 4.329
(0.074)

4.287
(0.072)

0.042
(0.100)

91'857
(2,461)

91'256
(2,446)

602
(3,297)

14,470 +5,293

0.08% HbA1c reduction 5.181
(0.098)

5.155
(0.095)

0.026
(0.127)

117'413
(3,215)

116'059
(3,308)

1,354
(4,132)

51,455 +42,278

0.16% HbA1c reduction 5.193
(0.098)

5.155
(0.095)

0.038
(0.130)

117'023
(3,256)

116'059
(3,308)

964
(4,394)

25,088 +15,911

0.24% HbA1c reduction 5.202
(0.099)

5.155
(0.095)

0.047
(0.132)

116'934
(3,207)

116'059
(3,308)

875
(4,383)

18,615 +9,438

0.40% HbA1c reduction 5.227
(0.103)

5.155
(0.095)

0.072
(0.141)

116'638
(3,347)

116'059
(3,308)

579
(4,565)

8,014 -1,163

0.48% HbA1c reduction 5.238
(0.107)

5.155
(0.095)

0.083
(0.142)

116'457
(3,343)

116'059
(3,308)

398
(4,632)

4,790 -4,387

Swiss cohort 5.583
(0.104)

5.502
(0.114)

0.081
(0.144)

96'001
(2,714)

95'023
(3,000)

978
(3,895)

12,056 +2,879

Maintained HbA1c benefit on OADs and insulin 5.151
(0.098)

5.042
(0.088)

0.109
(0.129)

118'635
(3,142)

117'542
(3,400)

1,093
(4,588)

9,990 +813

Maintained HbA1c benefit on OADs 5.186
(0.101)

5.095
(0.094)

0.090
(0.133)

117'536
(3,310)

116'630
(3,243)

906
(4,336)

10,046 +869

CHF = Swiss Franc, 2006 values; HbA1c = glycated haemoglobin; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life year.
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vironment. With regard to the DiGEM study, for example,
the criterion requiring baseline HbA1c less than 7.5% com-
bined with a higher standard of care in the control group
than is typical outside a clinical trial setting may have lim-
ited the apparent benefits of SMBG in this population. Oth-
er randomised trials investigating SMBG suffer from ad-
ditional limitations. Davidson et al., for example, present
a study in which patients from both arms were titrated
according to fasting plasma glucose levels. In this case,
an insignificant inter-arm difference in HbA1c levels after
six months would be anticipated, regardless of SMBG use
[15]. Similarly, O’Kane and colleagues recently presented
the results of a randomised controlled trial in which pa-
tients in both arms were treated using an HbA1c target
of 7.5%, by increasing metformin dose up to a maximum
of 2g per day, then initiating patients on gliclazide up to
320 mg per day and finally initiating TZDs or insulin [16].
As in the Davidson study, patients being treated using an
HbA1c target-based algorithm in the controlled setting of a
clinical trial would be unlikely to see any benefit of SMBG
relative to patients not using SMBG, but being treated in
the same setting using the same algorithm. Observational
studies are, therefore, an important data source reporting
the efficacy associated with “everyday” use of SMBG.

The “break even” analysis presented in Figure 2 was
designed to address the uncertainty regarding the mag-
nitude of HbA1c benefit associated with SMBG. The afore-
mentioned “worst case” scenario, which assumed an ab-
solute HbA1c reduction of 0.08%, resulted in an ICER of
CHF 51'455 per QALY gained, falling below even relat-
ively stringent willingness-to-pay thresholds in the Swiss
setting. However, a number of potential weaknesses of this
cost-effectiveness analysis should be considered. The in-
put data regarding SMBG-related HbA1c benefits were de-
rived from an observational study rather than a randomised
controlled trial or meta-analysis. Despite the study’s robust
design and execution and the use of a “real world” setting
as opposed to a trial environment, potential sources of bi-
as remain, as acknowledged by Karter et al. [18] Firstly,
the difference in baseline glycemic control between initi-
ators of SMBG (baseline HbA1c of 8.6%) and the refer-
ence group (7.3%) may suggest reverse causality in that
the difference may have led to changes in exposure to
SMBG rather than vice versa. Second, the level of SMBG-
centred patient education or instruction was unknown to
the researchers. Finally, the lack of available data regarding
changes in medication dose may have, for example, incor-
rectly attributed to OAD-driven improvement of glycemic
control to SMBG, a situation that may have arisen in pa-
tients who simultaneously initiated SMBG and an intens-
ified course of oral anti-diabetic agents. While the Karter
et al. study, like all observational studies, was potentially
subject to a range of additional confounding factors, the
comprehensive nature of the Kaiser Permanente database
allowed the researchers to adjust for patients’ diabetes self-
care practices, medication adherence, and lifestyle beha-
viours, each of which could be independently associated
with monitoring frequency. Adjusting for these variables
resulted in only minimal changes in the point estimates for
the effect of SMBG, demonstrating that the relationship

with improved glycemic control was robust in this patient
group.

A potential weakness of the present analysis was the
omission of quality of life utilities associated directly with
the process of SMBG. Currently, evidence surrounding
such utilities is conflicting. The Welschen et al. meta-ana-
lysis of SMBG in diabetes patients not using insulin found
two studies that reported quality of life outcomes [17].
Muchmore et al. used the Diabetes Quality-of-Life Invent-
ory to assess the satisfaction, impact and worry (diabetes-
related and social/vocational) quality of life dimensions in
23 obese, type 2 diabetes patients. The study reported no
statistically significant differences in quality of life at 0, 24
or 44 weeks between the intervention and control groups
[37]. The second study, by Schwedes et al., reported out-
comes from the Patient Well-Being Questionnaire and the
Diabetes Treatment Satisfaction Questionnaire in 223 pa-
tients (113 performing SMBG and 110 control subjects
who received diet and lifestyle counselling) across multiple
centres in Germany and Austria. The study reported similar
increases in treatment satisfaction in both groups and a
marked improvement in well-being in the patients per-
forming SMBG (across all items in the Patient Well-Being
Questionnaire) [38]. Conversely, Franciosi et al. reported
that in a group of 2,968 Italian type 2 diabetes patients not
using insulin, those performing SMBG at least once daily
(n = 471) experienced significantly higher levels of dis-
tress, worry and depressive symptoms than those perform-
ing less frequent SMBG (n = 1,313) or no SMBG at all (n
= 1,071) [39]. Should definitive data on changes in qual-
ity of life associated directly with SMBG be published in
the future, it will be important to revisit the findings of the
present analysis in the context of the new utility data.

The strengths of this cost-effectiveness analysis include
the use of clinically relevant treatment effects and the use
of country-specific costs to generate the most realistic as-
sessment possible based upon currently available evidence.
The sensitivity analysis in which a Swiss-specific cohort
was modelled increased the ICER by CHF 2'879 per QALY
for once daily SMBG, suggesting that the results would
also be applicable in the Swiss setting. The recently repor-
ted Kaiser Permanente study is one of very few studies that
have attempted to quantify the relationship between fre-
quency of SMBG and glycemic control in defined patient
groups with type 2 diabetes. Given the direct relationship
between frequency of SMBG and the cost of this practice,
demonstration of the health-economic impact of increasing
testing frequency is of particular importance when mak-
ing general health policy decisions. By using a validated
model of diabetes to project the results from this large-
scale observational study over patient lifetimes, we have
demonstrated that, for type 2 diabetes patients treated with
OADs and newly initiating SMBG, SMBG at a frequency
of once, twice or three times per day would likely be con-
sidered cost-effective compared to no SMBG. Therefore
concerns regarding the initial cost of implementing SMBG
should not be a barrier to providing this intervention to
SMBG-naïve, type 2 diabetes patients treated with OADs
in Switzerland.
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