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ABSTRACT

Self-monitoring of blood glucose (SMBG) is a fundamental and effective principle in the man-
agement of type 1 diabetes mellitus (T1IDM). SMBG is a precise and accurate clinical tool in the
treatment of glycemia and facilitates tight glycemic control. Recent studies have shown that fre-
quent SMBG improves metabolic control and can detect and predict hypoglycemia. The Dia-
betes Control and Complications Trial demonstrated that SMBG is a key component in achiev-
ing tight glycemic control and is associated with improvement in complications of diabetes.
Despite the recommendations and benefits of frequent SMBG, it continues to be an underuti-
lized tool, though adherence rates are steadily improving. Recent advances in glucose meters
and SMBG data processing have revolutionized the clinical applicability of SMBG. However,
several barriers to frequent SMBG have been identified and need to be addressed in order to re-
alize the full potential of SMBG in patients with TIDM. In this review, we provide an overview
of the epidemiology of SMBG, review the evidence supporting frequent SMBG, and discuss the
recent advances in glucose monitoring and data technologies that support its use in effective di-
abetes management. We also discuss the potential barriers to the use of frequent SMBG, which
continue to limits its applicability and require further study.

INTRODUCTION

ELF-MONITORING of blood glucose (SMBG)
has become a principal component of in-
tensive diabetes management. SMBG allows
for rapid and accurate assessment and treat-
ment of glycemia. SMBG is an effective tool that
enables patients and healthcare providers to
tailor therapy to maintain near-normal gly-
cemia, minimizing hypo- and hyperglycemia,
which is a fundamental element of diabetes
care.
SMBG became a standard of care in 1993
when the Diabetes Control and Complications

Trial (DCCT) demonstrated that intensive
treatment to achieve meticulous glycemic con-
trol could prevent the onset and slow the pro-
gression of long-term microvascular complica-
tions.! Furthermore, several trials have shown
that frequent SMBG is correlated with im-
provements in metabolic control.>™* Given the
evidence in favor of tight glycemic control, the
current practice guidelines recommend that
SMBG be carried out at least three times per
day in patients with type 1 diabetes mellitus
(T1IDM).>®

Since the introduction of routine SMBG in
clinical practice in 1978, several advances have
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been made to improve the performance, acces-
sibility, use, and data handling of blood glu-
cose monitoring devices. The mounting evi-
dence supporting the use of SMBG and
technological advances in glucose monitoring
devices have been associated with increases in
SMBG adherence in patients over the last 3
decades.”® However, the use of SMBG in clin-
ical practice still requires optimization at both
the patient and provider levels.

In this review, we provide an overview of the
current practices in SMBG, the evidence sup-
porting the use of frequent SMBG, the methods
and performance characteristics of glucose
monitoring devices, alternative site testing
(AST) of blood glucose, and the technologic ad-
vances in processing SMBG data, and finally
we address barriers to SMBG.

CURRENT GUIDELINES FOR SMBG AND
PATTERNS OF SMBG IN PATIENTS
WITH T1DM

The American Diabetes Association (ADA)
currently recommends SMBG three or more
times daily in patients with TIDM. The goals
of frequent monitoring include improved gly-
cemic control, in addition to prevention of
asymptomatic hyper- and hypoglycemia.> Sim-
ilar testing recommendations are also made by
the Canadian Diabetes Association (CDA).® In
addition, both the ADA and CDA emphasize
the importance of individualized frequency
and timing of SMBG based on prandial needs,
exercise, intercurrent illness, and pregnancy.

Despite the frequent testing advocated by the
ADA and CDA, a significant number of pa-
tients do not meet the standard of care for
SMBG. In 1997, a small study of 258 patients
with TIDM demonstrated that 12% of patients
were not testing at all. A significant proportion
of patients (95.3%) had received counseling by
their provider to check blood sugars, with the
most common recommendation of three times
per day.’

There is evidence that SMBG adherence is
gradually improving across the United States.
A large survey study of patients with both
T1DM and type 2 diabetes mellitus using the
National Health and Nutrition Examination
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Surveys (NHANES) and Behavioral Risk Fac-
tor Surveillance System (BRFSS) carried out in
1988-1995 (the 1990s) and again in 1999-2002
(the 2000s) demonstrated that 38.5% and 55.1%
of patients reported testing at least once per
day, respectively. The significant improvement
in SMBG over the 10 years between the two
studies was not associated with a significant
change in mean hemoglobin Alc (HbAlc);
however, there was a higher percentage of pa-
tients with an HbAlc between 6% and 8% in
the 2000s (47.0%) compared to the 1990s
(34.2%) surveys.” The BRFSS was updated in
2006 and demonstrated that 63.4% of patients
reported testing at least once per day.® Analy-
sis of NHANES 1999-2000, 2001-2002, and
2003-2004 demonstrated a progressive reduc-
tion in HbA1lc with means of 7.82%, 7.47%, and
7.18%, respectively, over the 5-year interval.!?

The use of SMBG is significantly increasing
in the United States as its value in achieving
improved glycemic control and overall health
outcomes becomes more established and ap-
preciated by both healthcare providers and pa-
tients alike. However, recent studies demon-
strate that the use of SMBG continues to fall
short of meeting the standard of care as out-
lined by the ADA.

SMBG IS ASSOCIATED WITH
IMPROVEMENT IN LONG-TERM
METABOLIC CONTROL

The evidence establishing the use of SMBG
in the care of TIDM and its role in improving
tight glycemic control and long-term metabolic
control was demonstrated by the DCCT, clearly
the most important randomized study assess-
ing the role of glucose control and, albeit indi-
rectly, SMBG in reducing the burden of mi-
crovascular complications in TIDM.! There
have been several studies examining the rela-
tionship between frequency of SMBG and
metabolic control. These studies have shown
that increased frequency of testing is associated
with improved metabolic control, as evidenced
by decreases in HbAlc in TIDM.2*1! To quan-
tify this relationship further, a study of patients
with TIDM demonstrated that there is an in-
verse relationship between frequency of SMBG
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and HbAlc levels that can be fit by a nonlinear
curve equation:

HbAlc = 599 + 5.32/(tests per day + 1.39)

The nonlinear relationship suggests that there
is no added benefit from testing more than 10
times per day with respect to HbAlc lower-
ing.12

One of the main uses of SMBG is to detect
asymptomatic hypoglycemia and to tailor ther-
apies to avoid future hypoglycemia. A recent
study examining SMBG data from the DCCT
cohort illustrated that both mean blood glucose
and glucose variability (measured by standard
deviation) were independently able to predict
the risk of hypoglycemia.'® The risk of first hy-
poglycemic event increased 1.05-fold for each
18 mg/dL decrease in mean blood glucose and
increased 1.07-fold for each 18 mg/dL increase
in standard deviation. The mean blood glucose
and standard deviation were able to predict hy-
poglycemia independent of HbAlc and were
more predictive of daytime hypoglycemia as
compared to nighttime hypoglycemia.

It is well accepted that increasing frequency
of testing is associated with lowering of HbAlc
and that SMBG is a useful tool in detecting and
potentially predicting hypoglycemia. How-
ever, there has been no large randomized study
directly examining whether increased fre-
quency of testing is associated with a lowered
risk of severe hypoglycemia.

SMBG AS A COMPONENT
OF INTENSIVE THERAPY
REDUCES MICRO- AND
MACROVASCULAR COMPLICATIONS

The DCCT and Epidemiology of Diabetes In-
terventions and Complications (EDIC) studies
provide evidence that SMBG, as an important
component of intensive therapy, reduces the
risk of micro- and macrovascular complica-
tions.}14719 These studies did not examine the
effect of SMBG in isolation, but rather as a com-
ponent of an intensive therapy regimen that
also included more frequent insulin dosing and
tight glycemic control. However, they provide
the only evidence studying the effects of fre-
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quent SMBG and associated HbAlc lowering
and complication outcomes. More trials are re-
quired to evaluate the specific contribution of
intensive SMBG in reducing these complica-
tions, as SMBG is a potentially inexpensive in-
tervention that could offer tremendous mor-
bidity and mortality benefit in patients with
T1DM.

CAPILLARY BLOOD
GLUCOSE ASSAYS AND
PERFORMANCE CHARACTERISTICS

The development of SMBG replaced the use
of urinary glucose measurement in the man-
agement of diabetes and has facilitated im-
proved glycemic control.? Glucose meter mea-
surement of capillary blood glucose offers a
rapid, precise, and accurate tool that has facil-
itated frequent SMBG. There are currently
more than 20 different glucose monitoring de-
vices available, and this industry has bur-
geoned into a 3 billion dollar per year industry
worldwide.?! Over the last 20 years, there have
been significant advances in developing glu-
cose monitoring systems that have improved
ease of use, portability, sample volume, testing
time, cost, memory, and software enabling pat-
tern recognition.??

Reflectance and electrochemical assays are
employed in capillary blood glucose measure-
ment. The reflectance assay couples oxidation
of glucose to a chromogen system to generate
a colorimetric readout. The newer electro-
chemical method couples glucose oxidation to
the generation of a current proportional to the
glucose concentration.?? The electrochemical
assay has largely replaced the reflectance assay
and allows for more rapid testing with smaller
sample volumes. Current glucose meters have
test times varying between 5 and 15 s and re-
quire between 0.3 to 10 uL of sample.??

The performance of glucose meters has been
well studied using a variety of methods.?? In
1996, the ADA recommended that SMBG sys-
tems should achieve a total error (sum of both
analytical and operator error) of less than
5%.2* The error grid method is the most
widely used method to evaluate the accuracy
of glucose meter-based capillary blood glu-



S-46

cose measurement and was first described in
the mid-1980s (now referred to as the “Clarke
error grid”).>> A recent study reported that
98.6% of blood glucose measurements using a
variety of meters fell within a clinically ac-
ceptable range (error grid A and B zones).
However, only 45% of the glucose meter read-
ings were within 10% of the hexokinase refer-
ence method, which is well below current
ADA recommendations.?® The precision of
glucose meters has been shown to be very
high with both intra-assay and inter-assay co-
efficients of variation of less than 4% across a
wide range of glucose concentrations.?”

The accuracy and precision of capillary blood
glucose measurement can also be affected by
variables other than those specific to the glu-
cose meter. These include extremes of hemat-
ocrit and glycemia, partial pressure of oxygen,
altitude, ambient temperature, hypertriglyc-
eridemia, drugs, and interfering substances,
which must be taken into account when inter-
preting measurements.?%2°

In summary, currently available glucose me-
ters provide a rapid and easy method for SMBG
and demonstrate high precision and clinically
acceptable accuracy over a wide range of glu-
cose concentrations. With advances in assay
technology and meter calibration to reduce sys-
tematic bias, especially at the extremes of
glycemia, we anticipate the performance char-
acteristics to steadily improve.

AST OF BLOOD GLUCOSE

Currently, fingertip capillary blood sam-
pling is the conventional method used in
SMBG. However, the pain associated with the
fingerstick during sampling can often be limit-
ing. Repeated trauma to the fingers can also
cause callus formation, resulting in inadequate
sampling, necessitating multiple further at-
tempts. These challenges in fingertip capillary
blood glucose sampling have incited the de-
velopment of new technologies to allow for
sampling from alternative sites other than the
finger. At present, there are several meters that
are U.S. Food and Drug Administration-ap-
proved for use on the forearm, upper arm,
palm, abdomen, thigh, and calf.??
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Studies examining the efficacy of AST of
blood glucose have shown that there is a strong
positive correlation (r > 0.95) between finger-
tip and AST measurements, with the vast ma-
jority of patients (71-91%) expressing that AST
resulted in no pain or less pain than the con-
ventional methods of testing.’3! Despite the
apparent advantages and accuracy of AST,
there are several limitations. A recent study ex-
amining the accuracy of AST in prandial states
and exercise suggests that the accuracy is com-
promised 1 h postprandially and immediately
after exercise. The 1-h postprandial rise in
blood glucose was blunted with AST as com-
pared to conventional fingertip testing. Simi-
larly, the drop in blood glucose expected with
exercise exhibited a lag with AST, and glucose
values were higher compared to fingertip test-
ing. These differences are probably attributable
to glucose lags in forearm capillaries as com-
pared to fingertips, due to rapid changes in glu-
cose (>2 mg/mL/min). This is further dis-
cussed by Heinemann and Koschinsky>? in this
supplement. However, at baseline and 90 min
and 2 h postprandially, accuracy of AST was
comparable to that of conventional SMBG.?>33
Thus, AST appears to be most reliable in states
of relative stable glycemia and should be used
with caution in settings where hypoglycemia
or hyperglycemia has developed rapidly.3

In patients with significant pain or difficulty
with conventional fingertip capillary blood
sampling, AST may offer an option for contin-
ued frequent monitoring that still allows for
reasonable glycemic control. However, the
overall applicability in TIDM is limited given
that these patients are at increased risk of
rapidly fluctuating glycemia.

ADVANCES IN SMBG DATA STORAGE
AND INTERPRETATION

Frequent SMBG, facilitated through capillary
blood glucose meters, generates a wealth of in-
formation that requires effective and efficient
data processing and interpretation. The sheer
volume and complexity of data can be over-
whelming and time-consuming, to both patient
and healthcare provider. Unless the provider
has the time, willingness, and ability to process
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the data and translate them into thoughtful rec-
ommendations to optimize the patient’s treat-
ment regimen, the provider will miss an im-
portant opportunity to assist the patient. The
problem is further compounded by the lack of
studies and clear practice guidelines to assist in
utilizing the data to their full potential in the
clinical setting. SMBG data provide the oppor-
tunity to identify blood glucose patterns that
can vary with basal and bolus insulin, meals,
diurnal rhythm, activity level, acute illness, and
menstrual cycle and enable the safe and effica-
cious prescription of insulin regimens.3*

Glucose meter memory storage has revolu-
tionized SMBG data processing. Studies exam-
ining glucose logbooks have shown that both
accuracy and completeness are limiting.3® The
memory and software incorporated in contem-
porary meters allow for the storage of between
150 and 500 tests with time and date, depend-
ing on the meter. The meter software can com-
pute the average blood glucose over a specified
number of days and at specific times of day.
Additional features include the option for
manual input of insulin dosage, which pro-
vides the option of correlating insulin amounts
with changes in glucose.?*

Most glucose meters also have the capability
for computer download, which can be imple-
mented in the provider’s office setting, in the
patient’s home, or more recently on the inter-
net. Many providers find the latter two options
attractive as they place the burden of the re-
sponsibility and time for downloading on the
patient. The patient can print the results of the
download at home or can review the data on-
line in the provider’s office. This also allows be-
tween-visit review of SMBG data should the
need arise. Computer downloading allows for
graphical display and statistical analysis of
SMBG variation throughout the day, thereby
facilitating the identification of trends in blood
glucose. However, the glucose meter must be
set correctly for time and date as the download
will not occur if there is a discrepancy with the
computer’s time and date. We have noted that
even in a clinic where downloading occurs
with every patient, the time or date is not en-
tered correctly approximately 25% of the
time.3¢ Furthermore, patients often forget to
bring their meter or use more than one meter,
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which can make getting a comprehensive pic-
ture of SMBG trends difficult. There is software
available that is capable of integrating and col-
lating SMBG data from multiple meters, which
we have found simplifies the confusing array
of competing software and wires that would be
required otherwise.?”

Most glucose meter software programs pro-
vide the average number of blood glucose tests
and their value over a specified number of days
and at specific times of day, the proportion of
readings above, below, and within the defined
target range, and finally the standard deviation
over a specified number of days or at specific
times of day. The average glucose can be ana-
lyzed against the HbAlc to see whether corre-
lation exists. It also provides an overview of
specific times of day where glycemic control is
outside the targeted range. The standard devi-
ation can be used to assess the consistency of
patterns in glycemic control, which is espe-
cially helpful in identifying patients or specific
time periods in which there is considerable risk
for clinically significant hyper- or hypo-
glycemia. The standard deviation can also be
useful in identifying patients with poor match-
ing of caloric intake and insulin, noncompli-
ance with insulin doses, missed meals, gastro-
paresis, or erratic insulin absorption.>* The
frequency, average glucose values, and stan-
dard deviation can be used to identify periods
that need further scrutiny of individual glucose
values and to guide goals and changes in self-
management and insulin therapy.

In summary, glucose meter memory and
software advances in the last 3 decades have
facilitated the use of frequent SMBG both for
the patient and provider and allow for identi-
fication of trends and problems with glycemic
control that can guide therapy more effectively
and efficiently. However, the incorporation
of these technologies by both patients and
providers is still met with reluctance and re-
quires further investment in education and
studies to guide clinical application and illus-
trate and achieve its full potential. Finally, it is
quite likely that since the only way to assess
glucose control with real-time continuous glu-
cose monitoring (rt-CGM) is by downloading
onto a computer, there could be a “carry over”
of glucose meter downloads as both patients
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and providers appreciate the advantages of this
technology.

BARRIERS TO SMBG

Several barriers to the implementation of fre-
quent SMBG limit its efficacy in achieving tight
glycemic control and detecting asymptomatic
hyper- and hypoglycemia.

Recent studies have shown that language
barriers, higher out-of-pocket costs for test
strips, male sex, older age, certain ethnic mi-
norities including Asian/Pacific Islander and
African-American ancestry, lower socioeco-
nomic status, fewer daily insulin injections,
smoking, less frequent HbAlc monitoring,
higher HbAlc, and fewer physician visits were
associated with less frequent SMBG.3%%° The
identification of these potential barriers to
SMBG and improved glycemic control can help
guide community-based diabetes education
and health policy targeted to improve access to
effective diabetes care in high-risk populations.

The cost of test strips has been identified as
a major potential barrier to frequent SMBG. The
cost of test strips is estimated around $1 per
strip and, following current guidelines of test-
ing at least three times per day, places the an-
nual cost at approximately $1,460 for patients
with TIDM. This number is almost double for
our pump patients, who test on average 5.5
times daily.*® As a result, there have been
considerable efforts across the United States
through state legislation to minimize cost as a
barrier to SMBG. A recent study compared test
strip use in a cohort of patients who initially
incurred significant out-of-pocket costs for test
strips, followed by a period in which free tests
strips were provided. The provision of free test
strips, which shifted cost from the patient to the
health plan, however, was surprisingly not as-
sociated with any improvement in SMBG fre-
quency. The reintroduction of copayments re-
sulted in a slight decrease in SMBG practices.
This suggests that SMBG practices are formed
early, become habitual, and are often difficult
to modify despite removing barriers of cost.4!
There have been a few smaller studies that have
shown that provision of testing supplies im-
proves SMBG and diabetes management.
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Larger long-term studies are required to vali-
date the efficacy of cost-sharing in improving
overall diabetes management.

Another barrier to diabetes self-care is de-
pression, which affects one in four patients
with diabetes.*>4* Depression has been associ-
ated with nonadherence with SMBG and poor
glycemic control and has been thought to be
potentially causal.*#*> Furthermore, adoles-
cents and women challenged with eating dis-
orders and difficulties with body image often
neglect SMBG and have worsening glycemic
control. Further studies are required to fully
elucidate the complex relationship among de-
pression, self-care practices, and hyper-
glycemia. There have been no intervention
studies to address whether treatment of de-
pression ameliorates self-care or glycemic con-
trol.

CONCLUSIONS

SMBG is a fundamental and widely accepted
principle in the management of patients with
T1DM. There are considerable data to support
that increased frequency of SMBG is associated
with improvements in metabolic control, and
more recently SMBG data itself have been
shown to predict hypoglycemia. The DCCT
and EDIC trials provide indirect evidence that
SMBG has a role in preventing diabetes com-
plications. Current recommendations support
a SMBG frequency of at least three times daily
in order to achieve tight glycemic control. Over
the last 3 decades, with mounting evidence and
education regarding the importance of SMBG
and tremendous advances in meter technology
and data interpretation, there has been an in-
crease in adherence to SMBG. However, there
is still considerable room for improvement in
SMBG in patients with TIDM. Several studies
have identified key barriers to SMBG, and the
next step is to address these barriers with larger
intervention trials that improve accessibility
and efficacy of SMBG in this population.

The clinical efficacy of SMBG has been trans-
lated more recently into the development of rt-
CGM, which exploits the benefits of SMBG
with the added advantage of being relatively
minimally invasive. We predict that frequent
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SMBG in patients with TIDM (those testing
more than four to six times daily) will largely
be replaced with rt-CGM in the near future as
the technology improves and cost becomes less
prohibitive, and will provide all of the benefits
with respect to metabolic control and predic-
tion and prevention of hypoglycemia and may
even potentially decrease complication rates.

10.

11.

REFERENCES

. The Diabetes Control and Complications Trial Re-

search Group: The effect of intensive treatment of di-
abetes on the development and progression of long-
term complications in insulin-dependent diabetes

mellitus. N Engl I Med 1993;329:977-986.

. Schiffrin A, Belmonte M: Multiple daily self-glucose

monitoring: its essential role in long term glucose con-
trol in insulin-dependent diabetic patients treated
with pump and multiple subcutaneous injections. Di-
abetes Care 1982;5:479-484.

. Evans JMM, Newton RW, Ruta DA, MacDonald TM,

Stevenson R], Morris AD: Frequency of blood glucose
monitoring in relation to glycaemic control: observa-
tional study with diabetes database. BM] 1999;319:83-86.

. Karter AJ, Ackerson LM, Darbinian JA, D’Agostino

RB Jr, Ferrara A, Liu ], Selby JV: Self-monitoring of
blood glucose levels and glycemic control: the North-
ern California Kaiser Permanente Diabetes registry.
Am ] Med 2001;111:1-9.

. American Diabetes Association: Clinical practice rec-

ommendations: standard of medical care in dia-
betes—2008. DRiabetes Care 2008;31(Suppl 1):512-S54.

. Canadian Diabetes Association Clinical Guideline Ex-

pert Committee: Canadian Diabetes Association 2003
clinical practice guidelines for the prevention and
management of diabetes in Canada. Can ] Diabetes
2003;27(Suppl 2):521-523.

. Saaddine JB, Cadwell B, Gregg EW, Engelgau MM,

Vinicor F, Imperatore G, Narayan KM: Improvements
in diabetes processes of care and intermediate out-

comes: United States, 1988-2002. Ann Intern Med
2006;144:465-474.

. Pan L, Mukhtar Q, Geiss LS: Self-monitoring of blood

glucose among adults with diabetes—United States,
1997-2006. JAMA 2007;298:2861-2863.

. Ruggiero L, Glasgow RE, Dryfoos JM, Rossi JS, Pro-

chaska JO, Orleans CT, Prokhorov AV, Rossi SR,
Greene GW, Reed GR, Kelly K, Chobanian L, John-
son S: Diabetes self management: self-reported rec-
ommendations and patterns in a large population. Di-
abetes Care 1997;20:568-576.

Hoerger TJ, Segel JE, Gregg EW, Saaddine ]B: Is gly-
cemic control improving in U.S. adults? Digbefes Care
2008;31:81-86.

Schiitt M, Kern W, Krause U, Busch P, Dapp A, Grzi-
wotz R, Mayer I, Rosenbauer J, Wagner C, Zimmer-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

S-49

mann A, Kerner W, Holl RW; DPV Initiative: Is the
frequency of self-monitoring of blood glucose related
to long-term metabolic control? Multi-center analysis
including 24500 patients from 191 centers in Germany
and Austria. SsiekececkReaaaias 2006;
114:384-388.

Davidson PC, Hebblewhite HR, Bode BW, Steed RD,
Steffes PG: Statistically-fitted curve for Alc as a func-
tion of the SMBG tests per day [abstract]. Diabetes
2004;A101:430P.

Kilpatrick ES, Rigby AS, Goode K, Atkin SL: Relating
mean blood glucose and glucose variability to the risk
of multiple episodes of hypoglycaemia in type 1 dia-
betes. Diabetologia 2007;50:2553-2561.

The Writing Team for the Diabetes Control and
Complications Trial/ Epidemiology of Diabetes In-
terventions and Complications Research Group: Ef-
fect of intensive therapy on the microvascular com-
plications of type 1 diabetes mellitus. JAMA 2002;
287:2563-2569.

The Diabetes Control and Complications Trial Re-
search Group: The relationship of glycemic exposure
(HbAlc) to the risk of development and progression
of retinopathy in the Diabetes Control and Compli-
cations Trial. Diabetes 1995;44:968-983.

The Diabetes Control and Complications Trial Re-
search Group: The absence of a glycemic threshold
for the development of long-term complications: the
perspective of the Diabetes Control and Complica-
tions Trial. Diabetes 1996;45:1289-1298.

Nathan DM, Cleary PA, Backlund JY, Genuth SM,
Lachin JM, Orchard TJ, Raskin P, Zinman B; Diabetes
Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications (DCCT/
EDIC) Study Research Group: Intensive diabetes
treatment and cardiovascular disease in patients with
type 1 diabetes. N _Engl I Med 2005;353:2643-2653.
Carter RE, Lackland DT, Cleary PA, Yim E, Lopes-
Virella MF, Gilbert GE, Orchard TJ; Diabetes Control
and Complications Trial/Epidemiology of Diabetes
Interventions and Complications (DCCT/EDIC)
Study Research Group: Intensive treatment of dia-
betes is associated with a reduced rate of peripheral
arterial calcification in the Diabetes Control and Com-
plications Trial. Riabetes Care 2007;30:2646-2648.
Nathan DM, Lachin J, Cleary P, Orchard T, Brillon D],
Backlund JY, O’Leary DH, Genuth S; Diabetes Con-
trol and Complications Trial/Epidemiology of Dia-
betes Interventions and Complications (DCCT/EDIC)
Research Group: Intensive diabetes therapy and
carotid intima-media thickness in type 1 diabetes mel-
litus. N_Engl I Med 2003;348:2294-303.

Schade DS, Santiago JV, Skyler JS, Rizza RA: Self-
monitoring of blood glucose. In: Intensive Insulin
Therapy. Princeton, NJ: Excerpta Medica, 1983:175-
193.

Bode BW, Sabbah H, Davidson PC: What’s ahead in
glucose monitoring? New techniques hold promise

for improved ease and accuracy. Postgrad Med 2001;
109:41-44, 47-49.



S-50

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bui H, Perlman K, Daneman D: Self-monitoring of
blood glucose in children and teens with diabetes. Pe-
diatr Digbetes 2005;6:50-62.

Tang Z, Louie RF, Kost JG: Principles and perfor-
mance of point-of-care testing. In: Kost JG, ed. Prin-
ciples and Practices of Point-of-Care Testing. Phila-
delphia: Lippincott Williams and Wilkins, 2002:
76-78.

American Diabetes Association: American Diabetes
Association: clinical practice recommendations. Dia-
betes Care 1996;19(Suppl 1):51-5118.

Clarke WL, Cox D, Gonder-Frederick LA, Carter W,
Pohl SL: Evaluating clinical accuracy of systems for
self-monitoring of blood glucose. Riabetes Care 1987;
10:622-628.

Parkes JL, Slatin SL, Pardo S, Ginsberg BH: A new
consensus error grid to evaluate the clinical signifi-
cance of inaccuracies in the measurement of blood
glucose. Riabetes Care 2000;23:1143-1148.

Chen ET, Nichols JH, Duh S, Hortin G: Performance
evaluation of blood glucose monitoring devices. Dia-
ketes Technal Thor 2003;5:749-768.

Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, Mc-
Donald JM, Parrott M: Guidelines and recommenda-
tions for laboratory analysis in the diagnosis and
management of diabetes mellitus. Clin Chem 2002;48:
436-472.

Pavlicek V, Garzoni D, Urech P, Brandle M: Inaccu-
rate self-monitoring of blood glucose readings on
chronic ambulatory peritoneal dialysis with icodex-
trin. Esieteliieacackaailliabgias 20006;114:124-126.
Fineberg SE, Bergenstal RM, Bernstein RM, Laffel LM,
Schwartz SL: Use of an automated device for alter-
native site blood glucose monitoring. Riabetes Care
2001,24:1217-1220.

Fedele D, Crosi A, Noacco C, Prisco F, Squatrito S,
Torre E, Iafusco D, Errico MK, Toniato R, Nicolucci
A, Franciosi M, De Berardis G, Neri L: Alternative site
blood glucose testing: a multicenter study. Diabetes
Technol Ther 2003;5:983-989.

Heinemann L, Koschinsky T: Clinical application and
challenges of blood glucose measurement technology
for self-monitoring. Diabetes Technol Ther 2008;
10(Suppl 1):527-534.

Bina DM, Anderson RL, Johnson ML, Bergenstal RM,
Kendall DM: Clinical impact of prandial state, exer-
cise, and site preparation on the equivalence of alter-
native-site blood glucose testing. Riabetes Care 2003;
26:981-985.

Hirsch IB: Blood glucose monitoring technology:
translating data into practice. Endocr Pract 2004;10:
67-76.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

SUBRAMANIAN AND HIRSCH

Gonder-Frederick LA, Julian DM, Cox DJ, Clarke WL,
Carter WR: Self-measurement of blood glucose. Ac-
curacy of self-reported data and adherence to recom-
mended regimen. Diabetes Care 1988;11:579-585.
Hirsch IB, Lee T, Trence DL: Blood glucose data from
meter memories unable to assist in pattern recogni-
tion [abstract]. Diabetes 2006;55(Suppl 1):A94.
http://www.numedics.com/products/clinipro/ (ac-
cessed January 27, 2008).

Karter AJ, Ferrara A, Darbinian JA, Ackerson LM,
Selby JV: Self-monitoring of blood glucose: language
and financial barriers in a managed care population
with diabetes. DRiabetes Care 2000;23:477-483.
Adams AS, Mah C, Soumerai SB, Zhang F, Barton MB,
Ross-Degnan D: Barriers to self-monitoring of blood
glucose among adults with diabetes in an HMO: a
cross sectional study. BMC Health Sexz Reg 2003;3:6.
Rudolph J, Hirsch IB: Assessment of continuous sub-
cutaneous insulin infusion in an academic diabetes
clinic. Endocr Pract 2002;8:401-405.

Karter AJ, Parker MM, Moffet HH, Ahmed AT, Chan
J, Spence MM, Selby JV, Ettner SL: Effect of cost-shar-
ing changes on self-monitoring of blood glucose. Am
LManag Care 2007;13:408—416.

Nyomba BL, Berard L, Murphy LJ: Facilitating access
to glucometer reagents increases blood glucose self-
monitoring frequency and improves glycemic control:
a prospective study in insulin-treated diabetic pa-
tients. Diabet Med 2004;21:129-135.

Li C, Ford ES, Strine TW, Mokdad AH: Prevalence of
depression among U.S. adults with diabetes:findings
from the 2006 behavioral risk factor surveillance sys-
tem. Diabetes Care 2008;31:105-107.

Lustman PJ, Clouse RE, Ciechanowski PS, Hirsch IB,
Freedland KE: Depression-related hyperglycemia in
type 1 diabetes: a mediational approach. Psychosom
Med 2005;67:195-199.

Van Tilburg MA, McCaskill CC, Lane JD, Edwards
CL, Bethel A, Feinglos MN, Surwit RS: Depressed
mood is a factor in glycemic control in type 1 diabetes.

Rsychosom Med 2001;63:551-555.

Address reprint requests to:

Irl B. Hirsch, M.D.

University of Washington Medical Center
Roosevelt

Suite 101

4225 Roosevelt Way NE

Seattle, WA 98105

E-mail: ihirsch@u.washington.edu




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ATTorino-Bold
    /ATTorino-Condensed
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Mdm
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-Italic
    /BauerBodoni-Roman
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /BelweT-LighItal
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BiffoMT
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BorderPi-OneFiveOneFiveNine
    /BrushScript
    /Carta
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Century-Bold
    /Century-BoldCond-DTC
    /Century-BoldCondItalic-DTC
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCond-DTC
    /Century-BookCondItalic-DTC
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /Century-Light
    /Century-LightCond-DTC
    /Century-LightCondIta-DTC
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /Century-Ultra
    /Century-UltraCond-DTC
    /Century-UltraCondIta-DTC
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CgTorinoOutline
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClarendonBT-BoldCondensed
    /ClarendonBT-RomanCondensed
    /CompactaBoldPlain
    /CompactaItalicPlain
    /CompactaOnlShaD-ReguItal
    /CooperBlack
    /CooperBlack-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /DINEngschrift-Alternate
    /EdwardianScriptITC
    /ElectraLH-Bold
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FranklinGothic-Book
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-CondensedOblique
    /FranklinGothic-Demi
    /FranklinGothic-DemiOblique
    /FranklinGothic-ExampleNumber
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-CondExtraBoldObl
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Mdm
    /Futura-MdmCnd
    /Futura-MdmCndItl
    /Futura-MdmItl
    /Futura-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaBoldModified
    /FuturaBoldObliqueModified
    /FuturaEF-DemiBold
    /FuturaEF-DemiBoldObl
    /FuturaModified
    /FuturaObliqueModified
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBold-ScholasticLg
    /GillSans-ExtraBold-ScholasticSm
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansExtraBoldItalic
    /GillSansUltraBoldItalic
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goldwater
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /Goudy-SC
    /GoudyCatalog-Itl
    /GoudyCatalog-Rgl
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-LightOblique
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /Humanist521BT-Roman
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /Linoscript
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-Italic
    /Machine
    /MediciScript
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /NewBaskerville-Black
    /NewBaskerville-BlackItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBaskerville-SemiBold
    /NewBaskerville-SemiBoldIta
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /Nofret-Bold
    /Nofret-BoldItalic
    /Nofret-Italic
    /Nofret-Light
    /Nofret-LightItalic
    /Nofret-Medium
    /Nofret-MediumItalic
    /Nofret-Regular
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /OCRA
    /OCRB
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RomanaBT-Bold
    /RomanaBT-Roman
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanSC
    /SmileyFace
    /Sonata
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /StoneSerifTn4
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Techno
    /TimelessCyrillic-Bold
    /TimelessCyrillic-Light
    /TimelessCyrillic-LightIta
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /ToonRoman
    /TorinoModern-Bold
    /TorinoModern-BoldItalic
    /TorinoModern-Italic
    /TorinoModern-Roman
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /UniversityRoman
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents for RR Donnelley Book plants. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


