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To determine whether self-monitoring of blood glucose (SMBG) is associated with
lower HbA1c in youth with type 2 diabetes taking oral medications only or after
starting insulin for persistently elevated HbA1c.
RESEARCH DESIGN AND METHODS

Treatment Options for Type 2 Diabetes in Adolescents and Youth (TODAY) study
participants (n = 699) taking oral medications were asked to perform SMBG twice daily.
After reaching primary outcome (PO) (HbA1c ‡8% [64 mmol/mol]) over 6 months or
an inability to wean from temporary insulin because of metabolic decompensation),
insulin glargine was started. HbA1c and percent of SMBG (SMBG%) (percent days
when the meter was used one or more times) before and after PO were analyzed.
RESULTS

SMBG declined over time and was inversely related to HbA1c (P < 0.0001). Of
298 youth who reached PO and started insulin, 282 had SMBG data. At PO, mean 6
SD age was 15.8 6 2.3 years, BMI 35.5 6 7.9 kg/m2, and HbA1c 9.6 6 2.0% (81 6
21.9 mmol/mol); 65.3% were female. Median SMBG% was 40% at PO, which
increased to 49% after 6 months and fell to 41% after 1 year on insulin. At PO, 22%
of youth checked ‡80% of days, which increased to 25% and fell to 19% after
6 and 12 months using insulin, respectively. At PO, compared with those who
checked <80%, youth who checked ‡80% were younger and with a lower BMI,
HbA1c, and blood pressure. SMBG ‡80% was associated with ‡1% reduction in HbA1c
at 6 and 12 months after insulin initiation.
CONCLUSIONS

Low SMBG adherence was common and associated with higher HbA1c. Optimal
SMBG frequency in youth using or not using insulin, and whether less frequent SMBG
is a marker for overall worse self-care, require further study.
There is general agreement that individuals with type 1 and type 2 diabetes treated
with insulin should perform self-monitoring of blood glucose (SMBG) (1). For adults
with type 2 diabetes receiving noninsulin therapy, the need for daily SMBG is
controversial, with some studies suggesting no improvement in HbA1c, self-care, or
quality of life (2–8). This is particularly true for patients on stable regimens and treated
with medications such as metformin and rosiglitazone, which are not associated with
risk for hypoglycemia. When veterans with stable type 2 diabetes controlled on oral
agents or diet therapy were asked to reduce frequency of performing SMBG to twice
weekly, there was substantial cost savings without affecting glucose control (2). In the
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Monitor Trial, adults age .30 years
(mean age 61 years) with type 2 diabetes
who were not treated with insulin were
randomized to not use SMBG or to use
once-daily SMBG with or without enhanced messaging. These tailored messages were based on SMBG readings
and time of day, were delivered on their
meter, and were aimed to educate and
motivate the individual with type 2 diabetes. There were no differences between the groups in glycemic control
(HbA1c) or health-related quality of life
(3). The utility of SMBG in youth with
type 2 diabetes not receiving insulin
therapy has not been studied. Given
the costs and burden of SMBG, understanding whether SMBG is of beneﬁt in
this unique population is important.
In the Treatment Options for Type 2
Diabetes in Adolescents and Youth
(TODAY) study, youth with recent-onset
type 2 diabetes were randomized to
treatment with maximum tolerated
doses of metformin plus placebo, metformin plus rosiglitazone, or metformin
plus an intensive lifestyle intervention as
previously described (9–13). All participants were instructed to perform SMBG
twice daily (supplies and incentives for
adherence provided). There was a general reduction in medication adherence
over time in all treatment groups, but
low medication adherence did not predict loss of glycemic control (10). SMBG
adherence has not been previously
reported.
In TODAY, because participants were
initially treated with maximum tolerated
doses of metformin plus placebo, rosiglitazone, or lifestyle changes, medication doses were not adjusted on the basis
of SMBG results. When insulin therapy
was initiated, the dose of insulin was
titrated per the blood glucose level obtained by SMBG. SMBG is more important with insulin treatment not only for
dose adjustments but also because of
the increased risk for hypoglycemia.
The primary objective of the current
study was to examine SMBG and its
association with HbA1c during the TODAY
study before and after insulin therapy
was initiated. Our hypothesis was that
SMBG would increase after the initiation
of insulin therapy and would be associated with better glycemic control. Demographic factors, depression, quality of
life, comorbidities, and their relationships to adherence to SMBG are also
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described with the hope that these results will help to inform the direction of
future studies in youth with type 2 diabetes. These analyses are exploratory
because the TODAY study was not designed to investigate beneﬁts of SMBG in
youth-onset type 2 diabetes.
RESEARCH DESIGN AND METHODS

The TODAY study design and characteristics of participants have been described
in detail (9–13) (Supplementary Fig. 1).
The collaborative study group included
15 clinical centers, a data coordinating
center, and various central laboratories
(9). Between July 2004 and February
2009, the trial enrolled 699 youth ages
10–17 years with type 2 diabetes that
was diagnosed within 2 years of enrollment, BMI $85th percentile, fasting
C-peptide .0.6 ng/mL, and absence of
pancreatic autoimmunity. Before randomization, participants successfully completed a 2- to 6-month run-in period
(13) that included attaining glycemic
control (HbA1c ,8% [64 mmol/mol] measured monthly for at least 2 months),
taking 1,000–2,000 mg of metformin,
mastering standard diabetes education,
demonstrating $80% adherence to
study metformin for at least 8 of 12 consecutive weeks, and attending study
visits.
Eligible participants were randomized
to one of three treatment arms: 1)
metformin plus placebo, 2) metformin
plus rosiglitazone, and 3) metformin plus
an intensive lifestyle behavior change
program. The primary objective of
TODAY was to compare the three
arms on time to treatment failure (i.e.,
loss of glycemic control deﬁned as either
HbA1c $8% [64 mmol/mol] over a
6-month period or inability to wean
from temporary insulin therapy within
3 months after acute metabolic decompensation). After an average follow-up
of 3.9 years, 319 (45.6%) participants
reached the primary outcome (PO),
with a median time to treatment failure
of 11 months (9). At PO, metformin was
continued, rosiglitazone was discontinued, and insulin therapy was initiated
with once-daily insulin glargine. Insulin
dosing was intensiﬁed as needed.
As part of standard diabetes education, all participants were instructed to
monitor blood glucose levels twice daily,
generally fasting and 2 h postprandial.
Glucose meters and monitoring supplies

were provided free of charge. Participants
were seen every 2 months in year 1 and
quarterly thereafter for purposes of medical monitoring and management and
distribution of study drug; physical measurements were made, and blood and
urine samples were sent to a central
study laboratory (9).
Hypertension was deﬁned as blood
pressure $130/80 mmHg or $95th
percentile for age, sex, and height; dyslipidemia as LDL $130 mg/dL or triglycerides $150 mg/dL; and microalbuminuria
as urine albumin:creatinine ratio $30
mg/mg (9). Health-related quality of
life and depressive symptoms were measured by self-report using the Pediatric
Quality of Life Inventory and Children’s
Depression Inventory as previously described (14–16). Study medication adherence was calculated at each visit as
percent of study drug taken on the basis
of pill counts; study medication adherence was not normally distributed and
was analyzed as above or below 80%, the
cutoff used during the study to monitor
adequate study medication adherence.
The 80% cutoff was chosen on the basis of
data in previous publications (17–19).
Participants were instructed to bring
their glucose meter to each visit (adherence range 85–92%) for download and
review by study staff. Downloaded data
were transmitted electronically to the
TODAY coordinating center. The SMBG
analysis used data from meter downloads. When analyzing data for the ﬁrst
2 years of intervention when participants
were taking oral study drugs only, data
collected at visits before the initiation of
insulin were included. Percent of SMBG
(SMBG%) was computed as the percent
of days between study visits on which
the meter was used at least once (e.g.,
for a participant who used the meter
on 63 days between visits 90 days apart,
SMBG% = 70%).
Participants received incentives at
each study visit using a system of points
awarded for positive adherence behaviors. For study medication, points were
given for bringing pill containers and log
books to visits, and more points were
earned as adherence levels rose to
.80%. For SMBG, at each visit, 1 point
was given for bringing the meter to the
visit, 1 point for checking once on $80%
of days, and 2 points for checking at least
twice on $80% of days. Participants
could accumulate points across visits
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and exchange for gift cards in amounts
proportional to the number of points
exchanged up to a maximum of incentives worth $150 annually. Incentives
were provided throughout the TODAY
study for all participants regardless of
whether they had reached PO (and
whether they were taking insulin).
The protocol was approved by the
institutional review boards of the participating institutions. Parents/guardians
signed informed consent for children,
and youth signed informed assent according to local practice.
Statistical Analysis

Descriptive statistics of behaviors associated with SMBG are based on 548 participants who brought meters to study
visits at least 85% of the time during
follow-up visits from months 2 to 24.
Participants were excluded from the
analysis sample if they 1) experienced
PO or left the study before 6 months or
2) were administered temporary insulin
use during the period under study and
followed a different SMBG protocol during that time. Additional analyses examined behaviors and outcomes in a subset
of 282 participants who reached PO and
started insulin therapy.
Demographic and clinical characteristics were compared between SMBG%
groups ($80% vs. ,80%) at the time of
PO using the Student t test or Wilcoxon
rank sum test for quantitative variables
and the x2 test for categorical variables.
Generalized linear mixed models were
used for longitudinal analyses to adjust
for the repeated measures per participant. Signiﬁcance was deﬁned as P ,
0.05 with no adjustment for multiple
comparisons. All analyses were considered exploratory, and statistical signiﬁcance was deﬁned as P , 0.05.
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income, age, diabetes duration, impaired
quality of life, presence of depressive
symptoms, BMI, percent overweight, and
treatment group between participants
who brought study meters $85% of the
time (n = 548) versus those who did not
(n = 151). The only signiﬁcant difference
was lower baseline HbA1c in the analysis
sample (5.9% [41 mmol/mol] vs. 6.5%
[48 mmol/mol]; P , 0.0001). The percent
who failed to maintain glycemic control
on randomized treatment at 24 months
was 39.2% versus 45.6% in the entire
cohort at end of study (average follow-up
3.9 years).
SMBG was performed as instructed
(at least twice a day) 59% of the time
initially, but this was not sustained and
fell to ,50% by the end of the ﬁrst year of
follow-up. As shown in Supplementary
Fig. 2A, the percent of days during which
SMBG was performed only once daily,
twice daily, or three or more times daily
was 22%, 46%, and 15% at month 2 and
23%, 28%, and 10% at year 2, respectively. The percent of days during which
SMBG was not performed at all doubled
from 23% between baseline and the
2-month visit to 46% at the 2-year visit.
More than 90% of participants performed SMBG at least twice a week
(Supplementary Fig. 2B). The percent
of weeks during which SMBG was performed once, twice, or three or more
times per week was 32%, 23%, and 91%
at month 2 and 31%, 24%, and 81% at
year 2, respectively.
As shown in Fig. 1, over the ﬁrst 2 years
of the study, oral study medication
adherence (deﬁned as $80%) remained relatively stable, whereas SMBG

adherence declined (interaction P ,
0.0001). Median SMBG% decreased over
time from 93.3% at month 2 to 54.4%
at 2 years (P , 0.0001) (Fig. 1). Overall,
the median percent of days that SMBG
occurred at least once a day was ;82%.
Adherence to recommended SMBG was
not associated with sex, race/ethnicity,
highest household education, household
annual income, diabetes duration, or
treatment group (Supplementary Table
1). Younger participants showed greater
adherence to SMBG procedures; median
SMBG% across all 24 months of followup was 90.0% among 10- to 12-yearolds, 84.4% among 13- to 15-year-olds,
and 73.2% among 16- to 18-year-olds.
In TODAY, the presence at baseline
of depressive symptoms was related
to worse medication adherence (10). It
was therefore of interest to examine
the possible association of depression
with SMBG adherence. In addition, studies examining SMBG in adults with non–
insulin-treated type 2 diabetes reported
either no effect or a negative impact of
SMBG on quality of life, but this was not
examined in youth (5,7). In the current
study, there was no signiﬁcant relationship between SMBG% and presence
of clinically depressive symptoms (P =
0.1150) or impaired quality of life (P =
0.4426).
Four comorbidities were examined:
hypertension, LDL dyslipidemia, triglyceride dyslipidemia, and microalbuminuria.
These comorbidities require additional
therapy, including treatment with oral
medications. The burdens (additional
medications as well as emotional burden)
of comorbidities could affect adherence

RESULTS
SMBG During the First 2 Years of
TODAY With Use of Oral Glycemic
Control Medications Only

In the TODAY study, during the ﬁrst
2 years of treatment with metformin
plus placebo, metformin plus rosiglitazone, or metformin plus an intensive
lifestyle intervention, 548 participants
(78% of TODAY cohort) brought meters
to study visits at least 85% of the time.
There were no signiﬁcant baseline differences in sex, race/ethnicity, highest
household education, household annual

Figure 1—Adherence ($80%) to SMBG and study medications (metformin 6 rosiglitazone) over
the ﬁrst 2 years of TODAY.
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to SMBG. To assess the effect of burden
of comorbidities on SMBG%, the number
of comorbidities present was categorized
at each visit (0, 1, 2, or 3–4). There was
a statistically signiﬁcant association between the number of comorbidities
and SMBG% (P = 0.0061) (Supplementary
Fig. 3). SMBG% remained at 80–85%
across 0, 1, or 2 comorbidities and fell
to 43% in participants with 3–4 comorbidities.
SMBG Compared 2 Years Before and
After Insulin Initiation

There were 319 TODAY participants who
reached PO during the study. Among
these, 298 were started on insulin therapy, and 282 of the 298 had SMBG data at
the time of PO. TODAY participant characteristics at the time of insulin initiation
(n = 282) are shown in Table 1. At PO,
mean 6 SD age was 15.8 6 2.3 years, and
65.3% of participants were female, 38.3%

non-Hispanic black, 16.3% Hispanic, and
7.1% non-Hispanic white. BMI was 35.5 6
7.9 kg/m2, and HbA1c was 9.6 6 2.0%
(81 6 21.9 mmol/mol). Compared with
those who checked ,80% at PO, youth
who checked $80% were younger (14.7
vs. 16.0 years) and had a lower BMI (33.2
vs. 36.2 kg/m2), lower HbA1c (9.1%
[76 mmol/mol] vs. 9.7% [83 mmol/mol]),
and lower blood pressure (114/68 vs.
118/71 mmHg; all P , 0.05).
Median SMBG%, deﬁned as SMBG at
least once daily on $80% of days, was
40.0% at PO (n = 282), which increased
to 49.0% 6 months after starting insulin
therapy (n = 181) and returned to 40.5%
and 40.0% after 1 year (n = 145) and
2 years (n = 94) of insulin therapy, respectively (Fig. 2). Median SMBG%, deﬁned as SMBG at least twice daily
on $80% of days, was 16% at PO, which
increased slightly to 19% and then decreased to 15% by 2 years. At PO, 22% of

youth (n = 61) checked $80% of days, and
42% (n = 119) checked $50%. Those
checking $80% of days increased to
only 25% (n = 46) after 6 months of insulin therapy and returned to 19% (n =
28) after 1 year of insulin treatment.
As shown in Fig. 3, performing SMBG,
deﬁned as SMBG at least once daily
(Fig. 3A) or at least twice daily (Fig.
3B) on $80% of days, was associated
with a lower HbA1c. Six months and 1 year
after insulin initiation, participants with
SMBG $80% had a $1% reduction in
HbA1c. HbA1c reduction for those checking at least twice daily was 1.5% and 2.5%,
respectively, at 6 months and 1 year after
starting insulin therapy; however, these
improvements were not sustained.
SMBG $80% (SMBG at least once
daily) was also associated with less hypertension at PO (29.5 vs. 44.3%; P =
0.0371), but this difference was no longer
present 1 year after insulin initiation

Table 1—Characteristics of the TODAY study participants who reach PO at time of insulin initiation overall and by SMBG%
Characteristic
n

At time of insulin
initiation

SMBG% $80%

SMBG% ,80%

P value

BMI-adjusted
P value

282

61

221

15.8 6 2.3

14.7 6 2.1

16.0 6 2.3

,0.0001

d

Female

65.3

67.2

64.7

0.7158

d

Race/ethnicity
Black non-Hispanic
Hispanic
White non-Hispanic
Other

38.3
16.3
7.1
38.3

34.4
27.9
4.9
32.8

39.4
13.1
7.7
39.8

0.0500

d

Highest household education
High school or less
College/associates degree
Graduate degree

55.9
31.5
12.5

54.1
29.5
16.4

56.4
32.1
11.5

0.5856

d

Household annual income
,$25,000
$25,000–$49,000
$$50,000

45.5
35.8
18.7

48.2
33.9
17.9

44.7
36.3
19.0

0.8998

d

Treatment group
Metformin only
Metformin and rosiglitazone
Metformin and lifestyle

39.0
27.7
33.3

41.0
43.0
36.1

38.5
29.0
32.6

0.6453

d

Physical examination
BMI (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)

35.5 6 7.9
117.3 6 11.5
70.8 6 9.3

33.2 6 7.3
114.3 6 11.2
68.4 6 9.6

36.2 6 7.9
118.1 6 11.5
71.4 6 9.1

0.0088
0.0248
0.0238

d
d
d

Metabolic
HbA1c (%)
HbA1c (mmol/mol)

9.6 6 2.0
81.5 6 22.1

9.1 6 1.9
75.7 6 21.2

9.7 6 2.0
83.1 6 22.2

0.0223

0.0086

41.1
9.9
34.0
19.9

29.5
4.9
24.6
19.7

44.3
11.3
36.7
19.9

0.0371
0.1393
0.0784
0.9672

0.2788
0.0788
0.0477
0.9182

Age (years)

Comorbidities
Hypertension
LDL dyslipidemia
Triglyceride dyslipidemia
Microalbuminuria

Data are mean 6 SD or percent unless otherwise indicated. The P values are calculated from the t test or Wilcoxon rank-sum test for continuous variables
and from the x2 test for categorical variables. BP, blood pressure.
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Figure 2—Median SMBG% 24 months before and after insulin initiation for participants performing
SMBG at least once daily and at least twice daily. Month 0 is the time the participant reached PO
and initiated insulin therapy.

(Table 1). There were no signiﬁcant
differences between groups (SMBG $80%
vs. ,80%) in the percent of participants
with microalbuminuria or elevated LDL
cholesterol or triglycerides over time.
CONCLUSIONS

To our knowledge, these are the ﬁrst
prospective analyses of SMBG use in
youth with type 2 diabetes treated initially with oral agents and later with
insulin as a result of deterioration in
glycemic control. We observed a decline
in SMBG over time. Adherence remained
generally low, even for those who eventually required insulin therapy, and was
related to higher HbA 1c . Because all
TODAY study participants received glucose monitoring devices, monitoring supplies, and medications, the cost of these
items was not a barrier. Although greater
use of SMBG was associated with lower
HbA1c, it is unclear whether the better
glycemic control when taking oral study
drug was directly related to adherence
to SMBG or whether SMBG use generally
reﬂected better adherence to diabetes
self-care (i.e., proper medication use, diet,
physical activity). It is possible that SMBG
use motivated a subset of this cohort to
engage in positive behavior change, but
this was not speciﬁcally studied in the
TODAY study.
SMBG% fell as age increased, similar to
reports of reduced glucose monitoring in

mid-older adolescents (20,21). Given the
disappointing results of the intensive
lifestyle intervention in TODAY (9), it is
unlikely that SMBG alone would signiﬁcantly inﬂuence diet and physical activity
in these youth. Although adherence to
daily SMBG was low, .80% of participants tested on average three or more
times per week.
TODAY youth were asked to check
their glucose levels twice daily, but this
frequency may not be necessary for
youth-onset non–insulin-treated type
2 diabetes. Similarly, the 80% cutoff
for SMBG adherence, which was based
on previously published work on mediation adherence, is considered arbitrary.
In adults who are stable and taking oral
medications alone, less frequent SMBG
has been shown to be sufﬁcient and to
result in lower cost and burden (2–8). The
optimal frequency of SMBG in youth with
type 2 diabetes on oral agents only was
not investigated in TODAY.
The role of providing incentives to
improve adherence is unclear. Little is
known about the effectiveness of incentives in improving adherence to glucose
monitoring in youth with type 2 diabetes.
In a randomized trial in which daily ﬁnancial incentives were used to improve
adherence to glucose monitoring in adolescents and young adults with type 1
diabetes, increased monitoring at the
end of 3 months was observed but quickly

declined when incentives were no longer
provided (22). In TODAY, incentives for
SMBG adherence were given for several
years, but despite these incentives, SMBG
adherence declined over time. The use
of incentives in improving monitoring
and glycemic control in youth with type
2 diabetes will require further study.
When barriers and strategies for oral
medication adherence were examined in
TODAY, forgetting was the most common
barrier reported, and better family support was the most common strategy
provided (23). Older teens have less
parental/family involvement and competing demands that can affect performing self-management tasks as well as a
tendency to make decisions contrary to
authority ﬁgures. In the current analyses
of TODAY participants with youth-onset
type 2 diabetes, we demonstrate that
adherence to SMBG was worse than
adherence to study medication during
the ﬁrst 2 years of intervention and,
unlike medication adherence, not related
to the presence of depressive symptoms.
Possible reasons may include the discomfort and inconvenience of performing
SMBG, the belief that SMBG is not as
important as medication adherence,
study burden, and/or families choosing
to focus on only one task (medication
adherence) given resistance of adolescents to follow suggestions for change
from adults. There could have been a
sense of futility during the ﬁrst 2 years of
TODAY because oral medications were
not altered on the basis of SMBG results,
so there may have been no noticeable
beneﬁts. Futility, however, cannot explain low SMBG adherence after insulin
initiation because insulin dosing was
based on SMBG results. In addition,
SMBG data were derived from meter
downloads, which are more difﬁcult
to manipulate than our assessment of
adherence with medication using pill
counts and not pill consumption. We
have no other veriﬁable measure of
medication adherence, and therefore,
pill dumping before visits may have
been ongoing long before SMBG began
to deteriorate. Finally, the fall in SMBG
also was related to having more (3,4)
comorbid conditions.
Once insulin treatment is needed, it is
generally accepted that glucose monitoring should be used to guide therapy.
Studies in adults with type 2 diabetes
have suggested that structured SMBG
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Figure 3—HbA1c (mean 6 SE) 24 months before and after insulin initiation among SMBG%
$80% vs. ,80% for participants performing SMBG at least once daily (A) and at least twice daily
(B). Month 0 is the time the participant reached PO and initiated insulin therapy.

and programs that provide feedback on
the basis of SMBG results, with recommendations for treatment changes, are
important, but it is unknown whether
such programs would be effective in
adolescents (24–28). After insulin initiation, we found a transient small improvement in participants with SMBG $80%,
which was related to better glycemic
control, but this was not sustained. Overall, participants with SMBG $80% had a
greater reduction in HbA1c. Unfortunately,

the majority of participants taking insulin
had SMBG ,80%. This result was disappointing but not surprising given the
patient population (adolescents); it is
not known whether the participants
were similarly nonadherent to taking
insulin as well. In the TODAY study,
participants did not use continuous glucose monitoring (CGM) devices. Future
studies should investigate whether the
use of CGM, which provides more information with less discomfort and

burden, can improve glycemic outcomes
in this challenging population. Novel
approaches are needed to help adolescents with type 2 diabetes to improve
self-care behaviors important for their
long-term health.
There are limitations to these analyses. The TODAY study was not designed
to test the effectiveness of SMBG in
improving glycemic control in non–
insulin-treated youth with type 2 diabetes. All participants were instructed to
use SMBG (participants were not randomized to SMBG). Health literacy was
not measured, and we do not know how
these families prioritized type 2 diabetes
management tasks. Given the design of
this clinical trial, we report associations
and are not able to address causation.
Strengths of our report include the longterm follow-up of the TODAY cohort of
youth-onset type 2 diabetes and the
ability to assess SMBG both before
and after insulin therapy was needed.
Given the lack of data available on SMBG
in youth with type 2 diabetes, our ﬁndings help to ﬁll an important void in the
pediatric type 2 diabetes literature. The
burden and cost of SMBG are great.
Future studies are needed to inform
providers and patients about the best
modes and frequency of glucose monitoring in youth with type 2 diabetes
receiving non–insulin-based and insulinbased therapies.
In conclusion, the majority of youth
with type 2 diabetes of .1 year duration
were not adherent to SMBG, even after
glycemic control deteriorated on oral
agents and insulin therapy was required,
but those who used SMBG had lower
HbA1c. More studies are needed in youth
with type 2 diabetes to better understand patient beliefs regarding beneﬁts
and barriers to SMBG as well as other
self-care tasks and to inform best practices for recommending and responding
to SMBG and CGM to improve glycemic
outcomes and prevent future diabetesrelated complications.
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