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BACKGROUND: Professional societies have recommen-
ded against use of self-monitoring blood glucose (SMBG)
in non-insulin-treated type 2 diabetes (NITT2D) to control
blood sugar levels, but patients are still monitoring.
OBJECTIVE: To understand patients’motivation to mon-
itor their blood sugar, andwhether theywould stop if their
physician suggested it.
DESIGN:Cross-sectional in-person and electronic survey
conducted between 2018 and 2020.
PARTICIPANTS: Adults with type 2 diabetes not using
insulin who self-monitor their blood sugar.
MAIN MEASURES: The survey included questions about
frequency and reason for using SMBG, and the impact of
SMBG on quality of life and worry. It also asked, “If your
doctor said you could stop checking your blood sugar,
would you?” We categorized patients based on whether
they would stop. To identify the characteristics indepen-
dently associatedwith desire to stop SMBG,we performed
a logistic regression using backward stepwise selection.
KEYRESULTS:We received 458 responses. The common
reasons for using SMBG included the doctor wanted the
patient to check (67%), desire to see the number (65%),
and desire to see if their medications were working (61%).
Forty-eight percent of respondents stated that using
SMBG reduced their worry about their diabetes and
61% said it increased their quality of life. Fifty percent
would stop using SMBG if given permission. In the regres-
sion model, respondents who said that they check their
blood sugar levels because “I was told to”were more likely
to want to stop (AOR: 1.69, 95%CI: 1.11, 2.58). Those that
used SMBGdue to habit and to understand their diabetes
better had lower odds of wanting to stop (AOR: 0.33, 95%
CI: 0.18–0.62; AOR: 0.60, 95%CI: 0.39–0.93,
respectively).
CONCLUSIONS: Primary care physicians should discuss
patients’ reasons for using SMBG and offer them the
option of discontinuing.
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INTRODUCTION

Thirty million Americans have diabetes.1 Controlling diabetes
through medications and lifestyle changes is important to
reduce the likelihood of complications, such as cardiovascular
disease, kidney and nerve damage, or skin infection.2, 3 One
approach is for patients to self-monitor their blood glucose
(SMBG) to understand their blood sugar levels and guide day-
to-day food and exercise choices.4 Approximately 75% of
patients with non-insulin-treated type 2 diabetes (NITT2D)
report monitoring their blood glucose.5 The American Diabe-
tes Association recommends (grade E-expert opinion) that
SMBG “may be helpful when altering diet, physical activity,
and/or medications.”6 However, a randomized trial of SMBG
among NITT2D found no impact on glycemic control,7 and a
systematic review found that the effect of SMBG is small in
the first 6 months and does not persist over a year.8 SMBG is
also expensive—with strips costing approximately $1 each,
plus the cost of alcohol wipes and lancets.9 Not surprisingly,
SMBG in NITT2D is not cost-effective for reducing diabetes-
related complications.10 Therefore, as part of the Choosing
Wisely campaign to reduce unnecessary tests and treatments,
the Society of General InternalMedicine (SGIM) recommends
against SMBG in these patients.11 Physicians differ in their
advocacy of SMBG with some believing it encourages
patient-centered care and self-management of diabetes while
others only prescribe it when asked.12 Patients also report that
their clinicians’ attitude towards SMBG plays an important
role in their monitoring frequency.13

Understanding which patients prefer to use SMBG and why
is key to constructing a patient-centered approach to control-
ling diabetes. Some patients find SMBG helpful, and physi-
cians report patients requesting to continue monitoring.12 In a
qualitative study, patients stated that use of SMBG helps
manage their diabetes by enabling them to build mental mod-
els and make self-management decisions.14 However, ran-
domized trials of SMBG do not support that it improves
patient satisfaction, quality of life, or well-being.7, 15 Use of
SMBG has also been associated with increased levels of stress,
worry, and depression.12, 16 Prior studies have been focused
on whether SMBG impacted quality of life7, 17, 18 and have not
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assessed differences in preferences for use across a large
sample of patients.
To understand patients’ motivation to monitor their blood

sugar, and whether they would stop if their physician explic-
itly suggested it, we surveyed primary care patients with
NITT2D who were using SMBG. We report patients’ stated
reasons for performing SMBG and the percentage who said
they would stop if given permission. We also compared
responses of patients who would prefer to stop versus continue
SMBG.

METHODS

This cross-sectional survey study included adults with
NITT2D who received care at a primary care practice in a
large integrated health system. Cleveland Clinic’s institutional
review board approved this study.

Survey Recruitment

We recruited patients in person and via electronic survey.
Collecting surveys in person is resource intensive, but yields
a higher response rate. Electronic surveys can reach a large
number of people, but with a lower response rate. By doing
both, we limited response bias while increasing our study size.
We reported the response rates for each mode of survey
collection after removing ineligible patients from the
denominator.
For the in-person portion, we excluded patients who were

cognitively impaired, unable to provide consent, or non-
English speaking. Research personnel recruited patients from
a single internal medicine practice between November 2018
and March 2019. Patients were approached if their medical
chart indicated that they had type 2 diabetes, were monitoring
their blood sugar, and were not there for an urgent visit. As an
incentive, patients who completed the survey received a $5
gift card.
The electronic survey was conducted between December

2019 and February 2020. We identified patients who met the
eligibility criteria via chart review, and had an active MyChart
account. We excluded patients approached for the in-person
survey to ensure we did not approach the same patient twice.
Survey invitations were sent via MyChart in five waves.
Survey responses were recorded in RedCap. As an incentive,
patients who completed the survey were offered a chance to
win one of 20 $50 gift cards.
We excluded patients who indicated they used insulin or did

not monitor their blood glucose in the past 2 months, or did not
enter any demographic information.

Survey

We developed the survey based on interviews with physicians,
literature review,13, 19–22 and expert opinion from healthcare
providers. It was pilot tested for clarity and iteratively refined.

Survey respondents were asked about the frequency and
timing of checking their blood sugar level, reasons for check-
ing blood sugar, actions taken based on their readings, and the
impact of checking blood sugar on quality of life and worry
about diabetes. Respondents were able to select multiple rea-
sons why they used SMBG and multiple actions taken based
on the reading. Each individual response option was evaluated
as “checked” versus not. Finally, we asked about age, sex,
race/ethnicity, education, diabetic medication use, and number
of years since diabetes diagnosis. Our primary outcome was
the response to the question, “If your doctor said you could
stop checking your blood sugar, would you?” The survey is
included in the Supplementary Information.
We dichotomized questions related to quality and life,

worry, and years with diabetes due to skewed distribution of
responses. The question, “on the whole, checking my blood
sugar makes my quality of life…” had 5 response options
ranging from “a lot better” to “a lot worse.” We grouped
patients who said SMBG made their life “a lot” or “a little”
better compared to patients who said SMBG made their qual-
ity of life “the same,” “a little worse,” or “a lot worse.” For the
question regarding worry, we grouped “does not affect how I
feel” and “increases my worry” together versus “reduces my
worry.”

Analysis

We compared responses across modalities (in-person versus
electronic survey). After confirming that responses to our
outcome variable were similar, we combined the datasets.
We categorized patients based on whether they would quit
and used the chi-squared test and regression analysis to com-
pare responses across the groups. The logistic regression mod-
el initially included variables that were significant at the
p<0.05 level in the bivariate analysis. We also included the
survey questions regarding reasons for checking blood sugar,
quality of life, and degree of worry. The final logistic regres-
sion model was created using backward selection of these
variables. Since so few of our respondents had diabetes less
than 1 year, we compared patients with diabetes less versus
more than 5 years in the logistic regression. We used Stata
14.0 for the analysis.

RESULTS

In total, 452 people responded to the survey. Our adjusted
response rate was 65% (98/149) in person and 25% (354/
1,830) online. A higher percentage of respondents who an-
swered online versus in person were white (74% versus 20%).
Respondents in both survey modalities had been diagnosed
with diabetes for similar lengths of time, checked their blood
sugar at similar frequencies and had similar desire to stop
checking their blood sugar (Table 4 in the Appendix and
Supplementary Information). Patient characteristics appear in
Table 1. Overall, a majority of respondents were 65 years of
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age or older, female (56%), white (62%), and did not have a
college degree (54%). Fifty-five percent of the respondents
checked their blood sugar daily. Seventy-five percent of
respondents reported that a good fasting blood glucose reading
for them was between 80 and 130mg/dL and 92% took med-
ications for their diabetes. The majority of respondents (58%)
had been diagnosed with diabetes for more than 5 years and
8% were diagnosed within the last year.

Actions Taken After SMBG

In the last 2 months, 63% of respondents adjusted their diet
based on their blood glucose readings, 30% changed their
activity, and 27% made no changes (Table 2). In response to
high glucose levels, 33% of respondents rechecked it, 55%
adjusted their diet, 12% informed their doctor, and 14% took
no action. After receiving a low reading, 23% rechecked their
number, 67% ate something, and 8% of respondents informed
their doctor. Fifty-eight percent of respondents said that a
physician reviewed their recorded glucose numbers in the last
2 months.

Reasons for SMBG

The most common reason for SMBG was because a doctor
requested it (67%). In order of frequency, other reasons for

SMBG was to see the number (65%), to see if the diabetes
medications are working (61%), to feel in control of diabetes
(51%), to avoid damage due to diabetes (46%), to see if their
sugar is low (40%), to understand their diabetes (38%), and
because it is a habit (15%). Forty-eight percent of respondents
stated that using SMBG reduced their worry about their dia-
betes and 61% said it increased their quality of life.

Stopping SMBG

Half of the respondents would stop checking their blood sugar
if their physician said they could. A higher percentage of
respondents who were diagnosed within 5 years would stop
than respondents who have had diabetes for longer (59%
versus 44%, p<0.01). Patients who would stop were less likely
to report that they monitored their blood sugar at least daily
(46% versus 66%; p<0.001), before bed (16% versus 26%,
p=0.01), or after exercise (2% versus 7%, p =0.02) (Table 2).
Patients who would not stop were more likely to report that
SMBG improved their quality of life (71% versus 53%; p
<0.001) and reduced their worry (55% versus 42%, p<0.05).
We found no difference among patients who wanted to con-
tinue versus stop SMBG regarding how they responded to
high or low sugar.
Patients’ reasons for monitoring their blood sugar were

often significantly different among those who wanted to

Table 1 Characteristics of Survey Respondents

Total population
N (%)

Online
N (%)

In person
N (%)

p-value

452 354 98
Age 0.95
18–49 62 (14) 49 (14) 13 (13)
50–64 175 (39) 136 (38) 39 (40)
65 or older 214 (48) 169 (48) 45 (46)

Female sex 251 (56) 193 (55) 58 (59) 0.41
Race <0.001
White 280 (62) 260 (74) 20 (20)
Black 149 (33) 79 (22) 70 (71)
Other/unknown 23 (5) 15 (4) 8 (8)

Education 0.05
No college degree 246 (54) 183 (52) 63 (64)
Associate’s degree/Bachelor’s degree 130 (29) 107 (30) 23 (23)
Graduate degree 72 (16) 62 (18) 10 (10)
Unknown 4 (.01) 2 (0.6) 2 (2)

Takes medications 415 (92) 326 (92) 89 (91) 0.68
Frequency of checking blood sugar 0.59
< Weekly 61 (14) 48 (14) 13 (13)
>= Weekly 28 (29) 110 (31) 28 (29)
Daily 30 (31) 124 (35) 30 (31)
Twice daily 21 (21) 52 (15) 21 (21)
> Twice daily 6 (6) 20 (6) 6 (6)

When you check your blood sugar before eating in the morning, what is a good number for you? 0.87
<80 mg/dL 11 (2) 9 (3) 2 (2)
80–130 mg/dL 339 (75) 267 (75) 72 (73)
>130 mg/dL 82 (18) 63 (18) 18 (18)
I’m not sure/unknown 21 (5) 15 (4.2) 6 (6.2)

Length of diabetes 0.43
0–1 years 37 (8) 28 (8) 9 (9)
1–5 years 154 (34) 116 (33) 38 (39)
>5 years 261 (58) 210 (59) 51 (52)

If a doctor said you could stop checking your blood sugar, would you? *
Would stop 226 (50) 180 (51) 46 (48) 0.61

*2 people did not report if they would stop checking their blood sugar
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continue versus stop (Figure 1). Respondents who wanted to
continue SMBG were more likely to do it to feel in control of
their diabetes (60% versus 41%), to understand their diabetes
better (46% versus 29%), and out of habit (22% versus 8%)
(p≤0.02 for all comparisons).
In the adjusted model, wanting to stop was positively asso-

ciated with checking blood sugar because “I was told to”
(AOR:1.69, 95%CI: 1.11, 2.58) and negatively associated
with SMBG due to habit (AOR: 0.33, 95%CI: 0.18–0.62),
with reporting increased quality of life with SMBG (AOR:
0.51, 95%CI: 0.33–0.77) and using SMBG to understand their
diabetes (AOR: 0.60, 95%CI:0.39–0.93) (Table 3).

DISCUSSION

SMBG is a powerful tool in the management of type 1 diabe-
tes, allowing patients to carefully titrate insulin dosing to
maintain euglycemia. In patients with type 2 diabetes who
do not take insulin, the benefits of SMBG are less clear, and
SGIM has recommended against routine use of SMBG.11

Nevertheless, the practice remains widespread, though the
reasons for this are not well understood. In this study of
SMBG among patients with NITT2D seen at a large integrated
health system, we found that 91% of individuals reported that
their doctor instructed them to check their blood sugar levels.

More than half of patients checked their sugars daily and took
some action in response to their blood sugar, most often
making dietary adjustments. One-quarter of patients took no
action at all. Many patients reported that checking their sugars
improved their quality of life, gave them a sense of control,
and reduced their worry. Despite these potential benefits, half
of the patients said they would stop if their doctor told them
they could. Respondents who wanted to continue were more
likely to report that they used SMBG to feel in control of their
diabetes and because it was a habit. There was no association
between wanting to stop and taking action based on blood
sugar readings.
Several randomized trials have found no difference in qual-

ity of life between patients randomized to SMBG and con-
trols.7, 8, 17 In contrast, 61% of respondents in our study
believed it did, and even respondents who wanted to stop
SMBG often felt that way. It is possible that in the randomized
trials, some patients had improved quality of life while others
had a decrease, so that overall there was no change. In practice,
however, patients who find that SMBG decreases their quality
of life may stop monitoring, and therefore would not have
been eligible to take our survey. Alternatively, individuals
may come to believe that SMBG improves their quality of life
to reduce the cognitive dissonance23 related to the time and
financial commitment SMBG requires.24 Importantly, many
respondents who reported that SMBG improved their quality

Table 2 Association Between Patient Behaviors and Beliefs with Desire to Stop SMBG

Overall Would
continue

Would
stop

p-value

450*(%) 224 (%) 226 (%)
In the last 2 months, did you check your blood sugar levels at least daily? 251 (56) 147 (66) 104 (46) <0.001
When do you check your blood sugar levels? Morning 362 (80) 185 (83) 177 (78) 0.25

Before meals 109 (24) 63 (28) 46 (20) 0.05
Two hours after meals 106 (24) 55 (25) 51 (23) 0.62
After exercise 18 (4) 14 (6) 4 (2) 0.02
Before bed 95 (21) 59 (26) 36 (16) 0.01
When my sugar is low 91 (20) 50 (22) 41 (18) 0.27
When my sugar is high 78 (17) 40 (18) 38 (17) 0.77

Who told you to check your blood sugar levels? My doctor 410 (91) 205 (92) 205 (91) 0.76
Diabetes educator 111 (25) 64 (29) 47 (21) 0.06
A nurse 47 (10) 24 (11) 23 (10) 0.85
Family friend 27 (6) 15 (7) 12 (5) 0.54
No one 14 (3) 8 (4) 6 (3) 1.00

Changes based on diabetes
In the last 2 months, have you changed any of the following based

on your blood sugar levels?
Activity 134 (30) 78 (35) 56 (25) 0.02
Adjust diet 284 (63) 147 (66) 137 (61) 0.27
Medications 78 (17) 44 (20) 34 (15) 0.20
None of the above 121 (27) 53 (24) 68 (30) 0.12

When your blood sugar is low, what do you do? Recheck it 103 (23) 57 (25) 46 (20) 0.20
Adjust diet/eat more 303 (67) 156 (70) 147 (65) 0.30
No specific action 69 (15) 30 (13) 39 (17) 0.26
Contact doctor 34 (8) 13 (6) 21 (9 ) 0.16
I do not know what to do 10 (2) 3 (1) 7 (3) 0.21

When the number is high, what do you do? Recheck it 149 (33) 81 (36) 68 (30) 0.17
Adjust diet/eat less 246 (55) 119 (53) 127 (56) 0.51
No specific action 65 (14) 31 (14) 34 (15) 0.72
Contact doctor 54 (12) 24 (11) 30 (13) 0.40
Drink water 167 (37) 88 (39) 79 (35) 0.34
Exercise 103 (23) 57 (25) 46 (20) 0.20

Impact of SMBG on worry and quality of life
On the whole, checking my blood sugar makes my quality of life better 276 (62) 157 (71) 119 (53) <0.001
Checking my blood sugar reduces my worry 216 (48) 2 (55) 94 (42) 0.01

*Two people did not answer whether they would stop
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of life would discontinue monitoring if their physician indi-
cated that stopping was acceptable.
Proponents of SMBG for NITT2D suggest that it is useful

to enable clinicians to make timely treatment adjustments and
patients make lifestyle adjustments based on the pattern of
glucose readings.25 In reality, it may be difficult for clinicians
to make timely treatment decisions when only one-in-ten of
our respondents reported contacting their physician in re-
sponse to a low or high reading, and only 58% had shared
their readings with a physician in the past 2 months. For
medication adjustments, HbA1c measurements may be more
appropriate. A higher percentage of patients reported changing
their diet or exercising in response to blood glucose readings.
While such changes could theoretically result in better glucose
control, randomized trials do not support the practice long
term.7, 26, 27 It is still possible that select patients who monitor
frequently and make changes accordingly could benefit.

Interviews with NITT2D patients who had significantly im-
proved their glycemic control revealed that these individuals
checked their levels at different times throughout the day and
modified their activity regimen and dietary habits based on
their measurements.28 However, more than 80% of our
respondents checked their sugar in the morning, a reading that
is not usually affected by eating, and only 24%measured their
glucose after meals. Although continuous glucose monitors,
which allow changes in glucose to be easily tracked over the
day, may be more useful for making timely changes to diet and
exercise based on blood glucose readings,29 this relatively new
technology is expensive30 and is not currently recommended
for use in NITT2D.
The use of SMBG is most beneficial in the first year after

diabetes diagnosis in order to learn how to manage one’s diabe-
tes.8 In our study, the vast majority of our respondents had
diabetes for more than a year, and 58% had it for more than 5
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Figure 1 Reasons for using self-monitoring of blood glucose stratified by patients who would continue versus stop. Asterisks “*” indicate a
statistically significant difference between patients who want to continue versus stop at the p<0.03 level using chi-square test

Table 3 Association Between Patient Responses and Preference for Stopping SMBG *†

AOR p-value 95%CI

Checks blood sugar at before bed (versus not) 0.46 0.003 0.27 0.76

Quality of life is better (versus same or worse) 0.51 0.002 0.33 0.77
Diabetes more than 5 years (versus less than 5 years) 0.51 0.002 0.34 0.78
Reason for using SMBG*
Told to do 1.69 0.014 1.11 2.58
It is a habit 0.33 0.001 0.18 0.62
Understand diabetes 0.60 0.021 0.39 0.93
To see the number 0.62 0.037 0.40 0.97

*The question “reasons I check my blood sugar levels include” enabled respondents to check multiple response options. Each individual response
option was evaluated as “checked” versus not
†We used a multivariable logistic regression model to identify the association between patient characteristics (included in the 1st column) and reported
desire to stop using SMBG if their physician suggested it
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years, surpassing the initial learning period when SMBG is the
most beneficial. It appears that many patients practice SMBG
out of habit, not because they find it beneficial but because their
doctor continues to prescribe it and has not suggested they
should stop. If primary care physicians are interested in avoiding
low value services, it would make sense to skip SMBG alto-
gether, or at the very least limit the duration of SMBGand revisit
the need for SMBG among their current users.
For the group that wanted to continue monitoring, SMBG

appeared to offer a feeling of control. This appears to be a
novel finding and can help explain why some patients would
prefer to continue SMBG. However, feeling in control is
different than being in control. A cross-sectional survey of
veterans with type 2 Diabetes found that higher levels of
internal locus of control were associated with worse glycemic
control.31 Similarly, a meta-analysis found that ascribing locus
of control to oneself was uncorrelated with glycemic control.32

The PRISMA trial found that use of structured SMBGwas not
related to changes in locus of control at 12months, but patients
who had a longer duration of diabetes were more likely to
report improved locus of control on the chance domain.17

Another approach would be to help patients with NITT2D
develop self-efficacy, or belief that they could complete a
particular action within a particular timeframe, because self-
efficacy has been associated with greater HbA1c control33 and
adherence to dietary recommendations.34

Less costly and less painful alternatives to SMBG may be
useful for most patients and some might offer greater confi-
dence in their ability to manage their health. Telephone self-
management support and health coaching interventions have
been shown to improve both self-care behaviors and quality of
life among diabetic patients with limited health literacy.35

Having behavioral health specialists meet with diabetic
patients following primary care visits can also decrease anxi-
ety and depression related to their diagnosis.36 A meta-
analysis of randomized control trials comparing psychological
interventions aimed at reducing diabetic distress found low-
quality evidence that they improved self-efficacy and HbA1c
at 6 and 12months compared to usual care.37 It may be time to
refocus our limited healthcare resources on identifying ways to
successfully discuss self-management approaches38 because
the context in which information is presented can impact the
likelihood that it will be adopted.
Our study has several limitations. Our response rate among

individuals who received the survey via MyChart was low.
We deployed the survey both in-person and online so we
would have a high response rate among patients we
approached in person and could reach a larger population of
patients online. Since both groups had a similar desire to stop
checking their blood sugar, frequency of checking their blood
sugar and length of diabetes we believe the likelihood of non-
response bias among the online patients was low. Another
limitation is that data come from a single health system in
Northeast Ohio and may not be generalizable to other settings.
However, we were able to obtain larger sample of Black

patients than in our overall Cleveland Clinic primary care
population (approximately 77% White)39 through the in-
person survey potentially increasing our external generaliz-
ability. Since, this was a cross-sectional study, respondents’
self-reported quality of life, degree of worry, and reason for
using SBMG represent their feelings at the time of completing
the survey and may have been different earlier in their disease
course. We did not ask respondents about barriers to self-
monitoring of blood glucose, including cost. Finally, since
this was an anonymous survey, we could not link patient
responses to clinical data.

CONCLUSION

Half of patients who self-monitor their blood sugar would stop
if given permission by their physician. Patients with NITT2D
who wanted to continue to monitor their blood sugar did so
because it helped them to feel in control of their diabetes and
because it was a habit. Given the expense related to SMBG,
primary care physicians should reevaluate their patient’s
SMBG benefits and discontinue it if possible.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/
s11606-021-07047-2.
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