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SUMMARY Aim: Tight glycemic control is important for reducing diabetic 
complications but increases the risk of hypoglycemia. The online survey aimed to evaluate 
the effects of hypoglycemia on the lives of patients with diabetes and determine whether 
self-monitoring of blood glucose to prevent hypoglycemic episodes is an appealing 
and widely accepted concept. Materials & methods: A total of 1848  individuals with 
insulin-treated diabetes in Europe were included in a 10-min online survey to determine 
perceptions about hypoglycemia and self-monitoring of blood glucose as a tool to prevent 
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 � Hypoglycemia is a frequent and potentially fatal complication in patients with Type 1 or 2 diabetes 
receiving insulin treatment or oral antidiabetes drugs (e.g., sulfonylureas and meglitinides).

 � The potential for hypoglycemic episodes can create fear among many patients with diabetes, resulting 
in poor adherence to treatment regimens that are specifically designed to attain tight glycemic control.

 � This online survey evaluated the effects of hypoglycemia on the lives of 1848 patients with diabetes (in 
France, Germany and the UK), and determined whether self-monitoring of blood glucose to prevent 
hypoglycemic episodes is an appealing and widely accepted concept.

 � Approximately a third of all patients surveyed did not always recognize the symptoms of 
hypoglycemia when they were having an episode and approximately a quarter had no warning signs 
(hypoglycemia-associated autonomic failure).

 � Approximately 40% of patients said they tended to maintain their blood glucose levels above 
physician-recommended values to help avoid hypoglycemia.

 � The vast majority of patients (80%) would value a meter that provides high or low blood glucose 
warnings at specific timepoints during the day.

 � Insulin-treated patients with diabetes are particularly worried about potential hypoglycemia; however, 
patients have a positive perception about, and are specifically motivated to adopt tools, such as 
self-monitoring of blood glucose, that are designed to facilitate the identification, management and 
prevention of hypoglycemia.
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hypoglycemia. Results: Approximately a third of patients were not always able to recognize 
the symptoms of hypoglycemia when they were having an episode and approximately a 
quarter experienced no warning signs (hypoglycemia-associated autonomic failure). Out of 
the patients surveyed, 37% said they tended to maintain their blood glucose levels above 
physician-recommended values to help avoid hypoglycemia, and 80% said they would value 
a meter that provides high or low blood glucose warnings at specific timepoints during the 
day. conclusion: Overall, individuals with insulin-treated diabetes have a positive perception 
about and are keen to adopt tools designed to facilitate the identification, management and 
prevention of hypoglycemia, while helping to avoid hyperglycemia and an increased risk of 
diabetic complications.

Clinical strategies that target tight glycemic 
control in patients with diabetes carry an atten-
dant risk of hypoglycemia: clearly, the tighter 
the glycemic control, the greater the risks of 
hypoglycemic episodes. The DCCT, for exam-
ple, reported that intensive insulin therapy in 
patients with Type 1 diabetes was associated 
with a two- to three-fold increase in the risk of 
severe hypoglycemia [1], and approximately 90% 
of all individuals with insulin-treated diabetes 
have had hypoglycemic episodes at some stage 
[8]. Although there is currently no consensus or 
standardized definition of hypoglycemia, the 
ADA definition of hypoglycemia (plasma glu-
cose <3.9 mmol/l/<70 mg/dl) is widely accepted 
[5,7]. The potential for such hypoglycemic epi-
sodes creates fear among many patients with 
diabetes, and many patients may, therefore, 
adhere poorly to treatment regimens specifi-
cally designed to attain tight glycemic control. 
This situation creates a ‘double-edged sword’: 
on the one hand, patient fear drives avoidance 
of the well-known, deleterious consequences 
of severe hypoglycemia (i.e., mental impair-
ment – confusion and disorientation – sei-
zures and coma); and on the other hand, poor 
adherence to antidiabetic therapy, as a result of 
concern about possible hypoglycemia, prevents 
attainment of the unequivocal benefits of anti-
diabetic therapy in reducing end-organ diabetic 
complications [1,2,6]. Indeed, the psychological 
consequences of hypoglycemia include subse-
quent fear of hypoglycemia, guilt relating to 
fear of hypoglycemia, failure to comply with 
therapeutic regimens, high levels of anxiety, 
and low levels of patient satisfaction and hap-
piness. Fear of hypoglycemia is a particularly 
important problem and it is becoming almost as 
much of a barrier to glycemic control as hypo-
glycemia itself. The Hypogylcemia Fear Survey 
(HFS), first published in 1987, and its more 
recent counterpart (HFS-II), are used to meas-
ure behaviors (HFS-B) and worries (HFS-W) 

It is widely recognized in patients with dia-
betes mellitus that efforts to attain tight gly-
cemic control are essential [1–3]. Such efforts 
primarily comprise striving for a glycosylated 
hemoglobin level of less than 7% through strict 
control of fasting, and maintaining pre- and 
post-prandial blood glucose concentrations at 
normal or near-normal values, thereby reducing 
the risk of diabetic complications [4]. 

In 1993, the Diabetes Control and Compli-
cations Trial (DCCT) Research Group docu-
mented that intensive insulin therapy markedly 
delayed the onset and slowed the progression 
of microvascular complications in patients with 
Type 1 diabetes [1]. In 1998, the UK Prospec-
tive Diabetes Study (UKPDS) reported that 
intensive intervention with sulfonylureas or 
insulin significantly reduced the risks of micro-
vascular complications and any diabetes-related 
end points in patients with Type 2 diabetes. 
More over, for each 1% decrease in glycosylated 
hemoglobin level, relative risk reductions were 
37% for microvascular complications and 21% 
for diabetes-related end points and death [2]. 

Importantly, in the DCCT, a key aspect 
of the intensive treatment approach was self-
monitoring of blood glucose (SMBG), and data 
clearly indicate that SMBG is a useful tool to 
assist in improving glycemic control in indi-
viduals with insulin-treated diabetes [5]. As a 
tool, SMBG also helps to substantially reduce 
the risks of, and prevent, ‘asymptomatic’ hypo-
glycemia and asymptomatic hyperglycemia in 
patients with diabetes [6]. Thus, the American 
Diabetes Association (ADA) advocates that 
patients with diabetes using multiple daily 
insulin injections should conduct SMBG at 
least three-times daily; the ADA also regards 
SMBG, including after meals, as appropriate 
for facilitating the attainment of glycemic goals 
in patients using less frequent insulin therapy, 
those treated with oral antidiabetic therapy and 
those receiving dietary therapy alone [7]. 
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associated with hypoglycemia in adults with 
Type 1 diabetes. They describe behaviors that 
patients may engage in to avoid hypoglycemia, 
such as maintaining higher blood glucose levels 
than recommended, avoiding being alone, and 
limiting exercise or physical activity, or con-
cerns they may have about hypoglycemic epi-
sodes, such as nocturnal episodes. HFS-B and 
HFS-W scores have been shown to be signifi-
cantly higher in women than men, and among 
patients who have previously experienced severe 
hypoglycemic episodes compared with those 
who have not [8,9].

Against this backdrop of potentially major 
harm from hypoglycemia, SMBG is especially 
important in patients with a history of frequent 
hypoglycemic episodes; in particular, SMBG 
should be performed before pivotal aspects of 
daily life such as driving [10]. However, no data 
are available about patient beliefs, concepts and 
feelings around the specific use of SMBG to 
prevent hypoglycemic episodes during diabetes 
treatment. The current survey was, therefore, 
undertaken to evaluate the explicit effects of 
hypoglycemia on the lives of patients with 
diabetes, and to determine whether specific 
SMBG to prevent hypoglycemic episodes is an 
appealing and widely accepted concept.

Materials & methods
During a 3-week period between May and June 
2011, patients diagnosed with Type 1 (50% of 
patients) and 2 (50%) diabetes in the LifeScan 
(a division of Ortho Clinical Diagnostics, High 
Wycombe, UK) patient database were selected 
for inclusion in a 10-min, online, market 
research survey. Initial contact with patients 
was via e-mail with a link to the online survey. 
Eligibility criteria included patient authoriza-
tion to be contacted via their supplied e-mail 
address, patients had to be receiving insulin 
treatment (or oral therapy and insulin), 50% 
of patients needed to have Type 1 diabetes 
and the other 50% Type 2 diabetes. Patients 
were selected from the UK (n = 480), France 
(n = 564) and Germany (n = 804). Patients 
were asked to respond to a total of 11 key 
questions (the complete questionnaire is avail-
able as supplementary Material; see online at 
www.futuremedicine.com/doi/suppl/10.2217/
dmt.12.66) about their understanding, percep-
tions and daily experiences of hypoglycemia and 
SMBG. Regarding ‘understanding of hypogly-
cemia’, for example, patients were asked: “Do 

you agree or disagree with the following state-
ments about your experience of hypoglycemia?” 
The reponses comprised: “Understand what it 
is”, “Do not always recognize signs” and “Body 
does not give warning”.

Descriptive statistics were applied to 
responses for each question, and 95% CIs were 
calculated using a standard two-sample test.

Results
�� Patient awareness of hypoglycemia

In all three countries, 97–100% of respond-
ents were able to correctly identify the accepted 
glycemic cut-off value that met the ADA defi-
nition of hypoglycemia. However, across all 
countries, approximately a third of patients 
(32–37%) did not always recognize the signs 
of a hypoglycemic episode when they were 
having one.

As shown in Figure 1, in each country, this 
‘nonrecognition’ percentage was significantly 
greater (p < 0.05) in patients with Type 1 than 2 
diabetes: overall, 43% of patients with Type 1 
versus 29% of patients with Type 2 diabetes 
reported that they do not always recognize the 
signs of hypoglycemia. In addition, a total 22% 
of patients responded that they had no warning 
of hypoglycemia. This response was generally 
similar in patients with Type 1 versus 2 diabetes 
(15–27 vs 14–24% of patients across the three 
countries), although fewer patients overall in 
the UK (14%) than France (23%) and Ger-
many (25%) said that they had no warning of 
hypoglycemia.

The pattern of patient responses regarding 
the understanding of hypoglycemia was gener-
ally similar when analyzed according to treat-
ment type: intensive insulin treatment (IIT; 
patients treated with three or more insulin 
injections per day) versus patients treated with 
conventional insulin therapy (CIT; patients 
treated with one or two insulin injections per 
day). No significant difference was noted for 
nonrecognition of hypoglycemic signs in IIT 
versus CIT recipients (32–38 vs 25–39% of 
patients). More CIT patients in France (39%) 
than the UK and Germany (25–27%) were 
‘nonrecognizers’.

�� Patient experience of hypoglycemia
Across the three countries surveyed, approxi-
mately a third to a half of patients admitted 
to being “… very worried about hypoglycemia” 
(Figure 2). As shown in Figure 2, such concern 
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was greater in France (33% of patients) than in 
the UK (15%) and Germany (19%). A similar 
pattern was evident when patients responded to 
the statement “I tend to keep my blood glucose 
levels a little higher than I should to help avoid 
hypoglycemia”: 46% of patients in France, 36% 
in the UK and 31% in Germany (overall 37%) 
(Figure  2). The corresponding proportions of 
patients who “… find it difficult to balance the 
risk of hypoglycemia and good blood glucose 
control” were 48, 32 and 20%, respectively 
(overall 32%) (Figure 2). 

As shown in table  1, more patients with 
Type 1 than Type 2 diabetes found it difficult 
to balance the risk of hypoglycemia against 
good glycemic control in the UK (40 vs 28% of 
patients), France (53 vs 46%) and Germany (29 
vs 15%); differences were statistically significant 
(p < 0.05) in the UK and Germany. In the UK, 
significantly more patients with Type 1 than 2 
diabetes stated that: “My fear of hypoglycemia 
affects my overall quality of life” (21 vs 10%) or 
“Hypoglycemia or fear of hypoglycemia affects 
my relationships” (14 vs 7%). However, no 

statistically significant differences in responses 
to these questions were evident in France and 
Germany, except for the second question in 
Germany, where approximately twice as many 
patients with Type 1 compared with Type 2 
diabetes (11 vs 5%) considered hypoglycemia 
to affect their relationships.

Generally, similar findings were evident for 
IIT users versus CIT recipients (UK: 41 vs 
18%; France: 55 vs 37%; and Germany: 21 vs 
15%; differences were statistically significant 
in the UK and France: p < 0.05) (table 1). In 
all three countries, IIT users had a greater, and 
in many cases statistically significantly greater 
(p < 0.05), tendency to keep blood glucose lev-
els slightly elevated to help avoid hypoglycemia 
(33–50 vs 18–39% of patients; overall 39 vs 
30%) and to be very worried about hypogly-
cemia (19–35 vs 7–29%; overall 24 vs 15%) 
(table 1). In the UK, significantly more IIT than 
CIT users stated that hypoglycemia, or fear of 
hypoglycemia, affects their overall quality of 
life (18 vs 10% of patients) and their relation-
ships (13 vs 6%). As shown in table 1, in the 
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Figure 1. ‘Nonrecognition’ of hypoglycemic symptoms by insulin-treated patients with type 1 
or type 2 diabetes. Patients were asked: “Do you agree or disagree with the following statement 
about your experience of hypoglycemia? – Do not always recognize signs”. Values shown are the 
proportions of patients who agreed with the statement. 
*All differences between patients with Type 1 and 2 diabetes were statistically significant (p < 0.05).
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UK and Germany, approximately three times 
as many IIT as CIT users were “… very wor-
ried about hypoglycemia” (19–21 vs 7–8% of 
patients; p < 0.05).

In the UK and Germany, but not France, 
diff iculties in striking a balance between 
hypoglycemic risk and good glycemic control 
manifested more frequently in younger patients 
with diabetes; in other words, those aged 
16–44 years rather than those aged ≥45 years 
(32–44 vs 14–31% of patients).

�� Patient acceptance of sMBG as a tool for 
the management of hypoglycemia
As part of the current survey, patients answered 
a series of questions relating to their perception 
and experience with SMBG in the management 
of hypoglycemia.

Overall, as shown in Figure 3, approximately 
three-quarters of patients in the three coun-
tries surveyed agreed with the following state-
ments: “I would value a meter that told me 

when my blood glucose is getting high or low 
at a particular time of day” (80% of patients) 
and “My meter giving me an advanced warn-
ing of a potential hypoglycemic event would 
be useful” (74%). The tendency for agreement 
with these statements was lower in Germany 
than in France and the UK, although no major 
differences between countries were evident 
(Figure 3).

In addition, 60% of patients responded 
that a blood glucose meter that warned of low 
blood glucose levels or ‘patterns’ would facili-
tate maintenance of glycemic control at levels 
recommended by their doctor (i.e., avoiding 
the tendency to keep blood glucose levels at 
higher than recommended values to help pre-
vent hypo glycemia). Half of all patients with 
diabetes overall stated that “A more accurate 
meter would give me greater confidence in self-
managing my diabetes” and half believed that 
“A more accurate meter (at low blood glucose 
levels) would help me better manage the risk 
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Figure 2. Proportions of individuals with insulin-treated diabetes who were apprehensive about hypoglycemia and who, to avoid 
hypoglycemia, deliberately maintained their blood glucose at higher levels than they should. Statements shown on the x-axis are in 
response to: “Do you agree with the following statements about your experience of hypoglycemia?”
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of hypoglycemia”. The tendency for agree-
ment with these three statements was lower in 
Germany than in France and the UK.

Significantly more (p < 0.05) patients with 
Type 1 (92%) than Type 2 diabetes (82%) in 
France agreed that they would value a meter 
that told them when their blood glucose was 
getting high or low at a particular time of day. In 
Germany, significantly more (p < 0.05) patients 
with Type 1 (49%) than Type 2 diabetes (41%) 
agreed that “Better understanding when my 
blood glucose goes low would improve my qual-
ity of life”, whereas more (p < 0.05) patients 
with Type 2 (57%) than Type 1 (46%) diabetes 
agreed that their current meter helps them to 
better manage their risk of hypo glycemia. In 
the UK, there were no significant differences 
between patients with Type 1 or 2 diabetes.

In the UK, significantly more IIT patients 
than conventional insulin users valued a meter 
that would indicate when blood glucose is get-
ting high or low at a particular time of day (84 
vs 75% of patients; p < 0.05). Significantly more 
IIT patients also valued, in terms of improved 
glycemic control, a meter that would warn of 
hypoglycemic patterns (76 vs 66%; p < 0.05). 
In France, a significantly more positive percep-
tion was held about a meter providing a high 
or low warning at a specific timepoint during 
the day, by IIT compared with CIT users (88 
vs 79%; p < 0.05).

In all three countries, patients in the younger 
age groups were less satisfied that their current 
meter was helping their hypoglycemia. Moreo-
ver, in Germany, more patients with diabetes 
aged younger than 55 years compared with 
older than 55 years valued a meter that would 

provide an advance warning of hypoglycemia 
(72 vs 63–65% of patients).

Discussion
This large-scale, online survey clearly identified 
that, although all patients have some awareness 
of what hypoglycemia actually is, approximately 
a third fail to recognize the symptoms of hypo-
glycemia when they are having a hypo glycemic 
episode. Moreover, notwithstanding some 
marked intercountry differences in responses, 
approximately one in four patients with diabe-
tes overall admitted to having no warning of 
an impending hypoglycemic episode. This is 
a rather alarming figure, since, without moni-
toring their blood glucose, such patients will 
be unable to prevent hypoglycemic episodes or 
treat them early. It is also of interest to note 
that, as reported by others [11], a patient’s abil-
ity to perceive hypo glycemia diminishes in 
both Type 1 and 2 diabetes with disease dura-
tion (i.e., a patient is more likely to develop 
hypoglycemia-associated autonomic failure the 
longer one has diabetes).

In all three countries surveyed, a third of 
patients were very worried about hypogly-
cemia and 37% overall admitted to keeping 
blood glucose levels a little higher than they 
should to help avoid hypoglycemia. The poten-
tial for deleterious consequences with such an 
approach is not difficult to envision, given the 
previously mentioned, unequivocal benefits of 
tight glycemic control: definitive data from the 
DCCT and UKPDS in the 1990s showed that 
tight glycemic control significantly reduced 
the risks of microvascular complications and 
diabetes-related end points in patients [1,2]. 

table 1. Proportions of insulin-treated patients with diabetes with specific anxieties and problems associated with hypoglycemia.

Do you agree or disagree with 
the following statements about 
your experience of 
hypoglycemia?†

UK (n = 480) France (n = 564) Germany (n = 804) Overall (n = 1848)

Diabetes 
type

treatment Diabetes 
type

treatment Diabetes 
type

treatment Diabetes 
type

treatment

1 2 iit cit 1 2 iit cit 1 2 iit cit 1 2 iit cit

I am very worried about 
hypoglycemia

17 13 19* 7 32 34 35 29 20 19 21* 8 22 22 24* 15

I find it difficult to balance the risk 
of hypoglycemia and good blood 
glucose control

40* 28 41* 18 53 46 55* 37 29* 15 21 15 39* 28 34* 24

I tend to keep my blood glucose 
levels a little higher than I should 
to help avoid hypoglycemia

35 37 42* 28 44 47 50* 39 33 30 33* 18 37 37 39* 30

†Values shown are percentages of patients agreeing with each statement.
*Statistically significant difference (p < 0.05) versus comparator group.
CIT: Conventional insulin treatment (one or two insulin injections per day); IIT: Intensive insulin treatment (three or more insulin injections per day).
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Generally, the current survey also revealed 
that anxieties and problems associated with 
hypo glycemia may be more prevalent in the 
following subgroups:

 � Patients with Type 1 rather than Type 2 dia-
betes (e.g., they have greater difficulties in 
balancing hypoglycemic risk against good 
glycemic control);

 � Younger versus older patients (aged <45 vs 
≥45 years; e.g., they also have greater difficul-
ties in balancing hypoglycemic risk against 

good glycemic control). This is a logical 
extension or ‘mirror’ of the first bullet point, 
since the prevalence of Type 1 diabetes is 
usually greater in younger than older patients;

 � IIT patients rather than CIT users (e.g., they 
have increased worry about hypoglycemia 
and an increased tendency to maintain blood 
glucose at higher levels).

However, these apparent trends would 
benefit from confirmation in further studies.
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Figure 3. Proportions of individuals with insulin-treated diabetes with positive perceptions 
about a new blood glucose meter that would indicate when blood glucose is getting high or low 
at a particular time of day and give an advanced warning of a potential hypoglycemic event. 
Statements shown in the figures are in response to: “Do you agree or disagree with the following 
statements about your blood glucose meter and your experience of hypoglycemia?” Values shown 
are the proportions of patients who agreed with the statements.
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All the above-mentioned findings distinctly 
highlight the need for insulin-treated patients 
with diabetes to have appropriate tools to facili-
tate the prevention, identification and early 
treatment of hypoglycemic episodes while 
avoiding hyperglycemia and an increased risk 
of diabetic complications. In this regard, SMBG 
with novel blood glucose meters for specific 
identification of low blood glucose levels may 
be particularly pertinent. Indeed, the current 
survey revealed that 80% of patients overall 
would value a meter that provided informa-
tion about high or low blood glucose levels at 
a particular time of day, and 74% considered 
a meter that provided an advance warning of 
a possible hypoglycemic event to be desirable. 
Various intercountry differences in responses 
to questions about SMBG were noted, but in 
the UK and France especially, IIT rather than 
CIT users highly regarded high and low blood 
glucose warnings at specific timepoints during 
the day. In Germany, agreement with several 
statements about the use of blood glucose meters 
was generally less common than in the other 
two countries, but this may be attributable, in 
part, to limitations in maintaining question 
uniformity (e.g., cultural and language differ-
ences) from one country to the next. It must 
also be noted that between-country differences 
may reflect inherent biases (e.g., differences in 
marketing practices or healthcare system man-
agement factors across the three countries) of 
the proprietary database sample used in the sur-
vey. Furthermore, given the self-selected patient 
group and the descriptive nature of our survey, 
the overall generalizability of our survey results 
may be somewhat limited.

This survey provides detailed and clinically 
relevant data regarding patient perceptions about 
hypoglycemia, SMBG and meter features as tools 
for its management. Future surveys could per-
haps also be designed to quantify the effects of 
anxiety about potential hypoglycemia, and con-
versely, to accurately assess the effects of SMBG 
with novel blood glucose meters designed to pre-
vent hypoglycemia, on specific aspects of quality 
of life in patients with diabetes. In the future it 
might be interesting to obtain responses from 
patients with Type 2 diabetes only receiving oral 
therapy (e.g., insulin sensitizers or DPP-4 inhibi-
tors) since the patients in the current survey were 
also receiving insulin.

The current data clearly indicate that SMBG 
is a useful tool to assist in improving glycemic 

control in individuals with insulin-treated dia-
betes [5] and, in clear recognition of the merits 
of SMBG in patients with diabetes, the ADA 
recommends regular SMBG in individuals with 
insulin-treated diabetes, and in patients treated 
with other anti diabetic agents or dietary therapy 
alone [7]. UK NICE guidelines for Type 2 diabe-
tes also highlight the integral role of SMBG in 
patient education and in facilitating the effec-
tive use of various antidiabetic treatments and 
lifestyle interventions [101]. 

conclusion
Overall, this survey specifically defines that 
insulin-treated patients with diabetes, especially 
those who are IIT rather than CIT users, are 
particularly worried about potential hypogly-
cemia. Patients have a positive perception about 
and appear specifically motivated to adopt tools 
designed to facilitate the identification, manage-
ment and prevention of hypoglycemia. Clearly, 
such tools include SMBG with blood glucose 
meters that provide an advance warning of pos-
sible hypoglycemia, and indications of high or 
low blood glucose levels at specific timepoints 
during the day in patients with Type 1 or Type 2 
diabetes treated with insulin. Future studies 
may also assist us in understanding the utility 
of such ‘antihypoglycemic tools’ in patients with 
diabetes not being treated with insulin.
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