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Abstract

Background: Hypoglycemia is often the limiting factor for intensive glucose control in diabetes management, however its
actual prevalence in type 2 diabetes (T2DM) is not well documented.

Methodology: A total of 108 patients with T2DM wore a continuous glucose monitoring system (CGMS) for 5 days. Rates
and patterns of hypoglycemia and glycemic variability (GV) were calculated. Patient and medication factors were correlated
with rates, timing, and severity of hypoglycemia.

Results: Of the patients, 49.1% had at least | hypoglycemic episode (mean |.74 episodes/patient/ 5 days of CGMS) and
75% of those patients experienced at least | asymptomatic hypoglycemic episode. There was no significant difference in the
frequency of daytime versus nocturnal hypoglycemia. Hypoglycemia was more frequent in individuals on insulin (alone or
in combination) (P = .02) and those on oral hypoglycemic agents (P < .001) compared to noninsulin secretagogues. CGMS
analysis resulted in treatment modifications in 64% of the patients. T2DM patients on insulin exhibited higher glycemic
variability (GV) scores (2.3 £ 0.6) as compared to those on oral medications (1.8 + 0.7, P = .017).

Conclusions: CGMS can provide rich data that show glucose excursions in diabetes patients throughout the day.
Consequently, unwarranted onset of hypo- and hyperglycemic events can be detected, intervened, and prevented by using
CGMS. Hypoglycemia was frequently unrecognized by the patients in this study (75%), which increases their potential risk of
significant adverse events. Incorporation of CGMS into the routine management of T2DM would increase the detection and
self-awareness of hypoglycemia resulting in safer and potentially better overall control.
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Hypoglycemia is often one of the major limiting factors in

intensive glycemic control for both type 1 diabetes (T1DM)
and type 2 diabetes (T2DM)." Although hypoglycemia is
well recognized in the management of TIDM, less is known
about the true prevalence of hypoglycemia in patients with
T2DM.” The Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial’* noted a significant increase in
cardiovascular events in intensively treated T2DM patients
associated with hypoglycemia. Thus, preventing hypoglyce-
mia has become a major focus of T2DM management, espe-
cially in older and/or at-risk T2DM populations and treatment
target recommendations have been relaxed.>®

Individuals with T2DM who experience significant hypo-
glycemia have more health care visits (0.054 per patient-year)’
and higher annual all-cause and diabetes-related health care
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costs than patients without hypoglycemia (adjusted A=+$5024
and +$3747, respectively; both P <.0001). People with T2DM
and hypoglycemia also report lower health-related quality of
life scores® and a greater burden of depression.” Finally,
hypoglycemia or the fear of hypoglycemia is a major reason
for diabetes medications being discontinued by patients with
T2DM, which contributes to poorer glycemic control in
affected patients.’

Rates of hypoglycemia have been variably reported in
T2DM. A retrospective study in Medicare beneficiaries 65
years or older from 1999 to 2011 showed that the admission
rates for hypoglycemia increased by 11.7% (from 94 to 105
admissions per 100000 person-years), while admission rates
for hyperglycemia declined by 38.6% (from 114 to 70 admis-
sions per 100 000 person-years).'" In a 4-year retrospective
study of nearly 20 000 Tennessee Medicaid patients, “serious
hypoglycemia,” defined as a hospitalization, emergency
department admission, or death associated with hypoglyce-
mia and a concurrent blood glucose of < 50 mg/dL (2.8
mmol/L), was reported at a crude rate of 1.23 per 100 person-
years (95% confidence interval [CI], 1.08-1.38) in those tak-
ing sulfonylureas and 2.76 (95% CI, 2.47-3.06) in those on
insulin."'

In the United Kingdom Prospective Diabetes Study
(UKPDS) of patients with T2DM, a higher frequency of hypo-
glycemia was associated with intensive treatment compared to
conventional treatment with either sulfonylureas or insulin.'?
The Veterans Affairs Cooperative Study on T2DM (VA
SCDM), which compared a once-daily insulin injection regi-
men (standard) with an intensive insulin regimen (stepped),
also revealed a higher incidence of hypoglycemia in the
stepped group (0.03 vs 0.01 episodes per patient per year)."?

With the development of continuous glucose monitoring
systems (CGMS), there was an unexpected detection of very
high rates of hypoglycemia in patients with TIDM'*'® and
T2DM."” McNally et al'® used 72-hour CGMS tracings in
patients with T2DM to investigate the frequency of hypogly-
cemia in patients treated with premixed, biphasic insulin and
noted a very high prevalence of hypoglycemia (82% had at
least 1 hypoglycemic event). Nocturnal hypoglycemia was
double the daytime episodes, the majority of which were
unrecognized. These studies suggested that the frequency of
hypoglycemia in T2DM is much higher than previously
appreciated clinically and indicated the need for further
investigation.

Glycemic variability (GV) is defined as the fluctuation in
blood glucose levels, or the swings between hyperglycemia
and hypoglycemia. Abnormal excursions of blood glucose
levels outside the normal physiologic range are indicative of
excessive GV in patients with diabetes'® and are associated
with poor glycemic control.* It is now believed that exces-
sive GV may contribute to long term complications through
induction of oxidative stress®' rather than tissue glycation,
which is associated with chronic hyperglycemia. Since GV
also measures changes of glucose levels in both the hyper-
glycemic and hypoglycemic ranges, the tissue damage from

hypoglycemia is postulated to be mediated via increased cat-
echolamine production and/or their effects on blood vessel
and endothelial function as well as induction of proinflam-
matory and prothrombotic pathways.*** Increased GV has
also been shown to be a predictor of hypoglycemia® and
increased risk of cardiac death in critically ill patients with
T2DM.***% Hypoglycemia-induced increases in blood pres-
sure and heart rate, triggering of blood vessel constriction or
acute thrombosis are probable explanations of these adverse
events.””*® However, most studies on GV have been con-
ducted in critical care settings and findings may not extend to
T2DM patients in the outpatient setting.

While GV is not routinely assessed in clinical practice,
there is increasing awareness that it is a significant compo-
nent of overall glycemic control.”’ Service et al first pro-
posed a method of measuring GV: the mean amplitude of
glycemic excursion (MAGE) in 1970." Since then, numer-
ous GV metrics have been proposed without an agreed-on
successor to MAGE.***' The authors developed the consen-
sus perceived glycemic variability (CPGV) metric, using
machine learning methods on continuous glucose monitor
(CGM) data acquired from T1DM patients, which automati-
cally calculates a GV score from 24-hour CGM tracings.***

This is the largest study in the outpatient setting involving
consecutive patients with T2DM on multiple diabetes medi-
cations to prospectively determine the frequency, timing, and
severity of hypoglycemia using CGMS and to use CPGV to
assess the rates of GV as it relates to hypoglycemia.

Methods

This was a prospective, nonblinded trial of adult patients
with T2DM for at least 6 months. The study was approved by
the Ohio University Institutional Review Board. Participants
were a convenience sample recruited from a midwestern aca-
demic diabetes/endocrine center. Exclusions included chil-
dren (<18 years), pregnant patients, and patients who had the
following: on insulin pump, bleeding disorders, on blood
thinners (excluding aspirin), and cognitive dysfunction.
Participants were on any of the following diabetes medica-
tions currently available except for sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors and dopamine agonists: oral
medications (biguanides, sulfonylureas, meglitinides, thia-
zolidinediones [TZDs] and dipeptidyl-peptidase-4 [DPP-4]
inhibitors), glucagon-like peptide-1 (GLP-1) receptor ago-
nists, various insulin preparations, or any combination of the
above medications. Types of medications used in the study
are shown in Table 1.

The patients were subdivided into groups such as hypoglyce-
mic agents versus nonhypoglycemic agents, insulin versus non-
insulin, and none to one to two or more hypoglycemic agents.
Hypoglycemia rates and GV were determined from 5 day
CGMS tracings and were compared between different treatment
modalities. Hypoglycemia was classified as mild (<70 mg/dl),
severe (<50 mg/dl), symptomatic, or asymptomatic. A new
hypoglycemic event was logged when the interval between 2
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Table I. Types of Medications Used in the Study.

Table 2. Hypoglycemia-Related Definitions.

Medication n
Insulin®
Basal with/without analog insulin 64
Premixed insulin 6
Humulin N and R 3
U-500 2
Insulin secretagoguesb
Sulfonylureas 25
Glinides 2
Noninsulin secretagogues*
DPP-4 inhibitors 31
GLP-I receptor agonists 22
Biguanides 6l
Actos 9
Combination treatment
With insulin included 55
No insulin included Il
With insulin + insulin secretagogues 15

*19 patients were on insulin only, with no other diabetes medication. The
rest were on combination treatment.

PAll but | patient were on combination treatment.

€19 patients were on noninsulin secretagogues only. The rest were on
combination treatment.

events was equal to or greater than 30 minutes. The time of day
that the hypoglycemia occurred was also determined for each
class of medication and/or combination.

At the initial baseline visit the research nurses confirmed
that the participant was appropriate for the project, reviewed
and completed the consent documents, and gave information
regarding the Food and Drug Administration (FDA)-
approved iPro™ Professional (Medtronic, Northridge, CA),
CGMS which did not provide real-time glucose data to the
patient. A glucose value is recorded every 5 minutes, giving
a total of 288 readings a day. All participants received educa-
tion on how to identify and treat mild and severe hypoglyce-
mia. Participants in the study wore the device for 5 days and
then returned to the clinical research center for downloading
of the data into a research computer. Participants were also
instructed to keep daily 4 point self-glucose monitoring
(SGM) logs-recording their glucose before each meal and
bedtime and record the self-perceived hypoglycemic epi-
sodes. All the patients used the same brand of glucose meter
during the monitoring period. All CGM data downloaded in
this study was then evaluated by one of the clinician investi-
gators at the diabetes center and patients received a call back
regarding their results as well as changes in treatment based
on interpretation of the CGM data if indicated. Results on the
CGMS download were reported in the range of 40-400mg/dl.

The CPGV metric was determined by extracting the iPro
data download from the research computer and then pro-
cessed in the SmartHealth Lab™ using proprietary software
developed at Ohio University. The CPGV metric rates
24-hour CGM tracings on a continuous scale from 1 (low) to

Any glucose level below 70 mg/dl (3.9
mmol/L) as determined by self-glucose
monitoring or CGM.

Hypoglycemic
event

Mild hypoglycemia Any glucose reading less than 70 mg/dl (3.9
mmol/L) but greater than 50 mg/dl (2.8
mmol/L).

Severe Any glucose reading less than 50 mg/d|
hypoglycemia (2.8 mmol/L) regardless of symptoms and
whether they needed assistance from
others.
2 separate Logged when the interval between 2 events
hypoglycemic was equal to or greater than 30 minutes.
events Daytime was classified as from 6:00 am until

9:00 pM and nighttime from 9:00 pM until
6:00 AMm.

Asymptomatic Interpreted as glucose level below 70 mg/d|

hypoglycemia (3.9 mmol/L) that was not documented as
an event by the patient in their diary.
Pseudo- An event with the typical symptoms of
hypoglycemia hypoglycemia, but with a measured plasma
glucose concentration over 70 mg/dL(3.9
mmol/L). This is common in patients with
long-standing poor glycemic control when
their plasma glucose concentration starts
trending toward the normal range.
Hypoglycemia Documented glucose of less than 70 mg/dl
unawareness (3.9 mmol/L) and no reported symptoms.

4 (extremely high), which is based on consensus physician
ratings as incorporated into a machine learning algorithm.*
See Table 2 for hypoglycemia-related definitions

Data Analysis

Where appropriate, the data were transformed into categorical
variables using the threshold definitions that define the different
severities of hypoglycemia. Summary data in the form of fre-
quencies were generated for all categorical variables. For con-
tinuous variables, measures of central tendency and dispersion
were generated. Relationships between categorical variables
were explored using the chi-square test of association or differ-
ences in proportions as appropriate. The paired ¢ test was used
for gauging differences in day and night hypoglycemic epi-
sodes. Analysis of variance (ANOVA) was used for differences
in groups with respect to continuous outcome variables such as
CPGV. Statistical significance was set at p < .05.

Results

Hypoglycemia Rates in T2DM

A total of 108 patients with T2DM were recruited. The
patient characteristics are listed in Table 3.

Of the total patients in this study, 81% were on medica-
tions classified as being capable of causing hypoglycemia
(insulin and insulin secretagogues as sulfonylureas and meg-
litidines), while 19% were on medications not usually
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Table 3. Demographic Characteristics of Patients in the Sample.

Gender n® (%)
Female 65 (61.3)
Male 41 (38.7)

Age
<65 65 (61.3)
>65 41 (38.7)

Insulin
Yes 74 (69.8)
No 32 (30.2)

Duration of diabetes
<10 44 (42.7)
>10 59 (57.3)

AIC (%)
<7 35(33)
>7 71 (67)

Associated history of depression
Yes 43 (41)
No 62 (59)

*The total sample size, n, was 108, but because of missing data the total
varied from category to category.

associated with causing hypoglycemia (biguanides, DPP-4
inhibitors, GLP-1 receptor agonists, TZDs). About 36% were
on at least 1 hypoglycemic agent and 45% were on more than
1. Only 30% were not on insulin during this study.

The incidence of hypoglycemia detected by CGMS, both
mild and severe, was 49.1% (53 of 108 patients), which
extrapolated out to 1.74 + SD 2.54 episodes per patient per 5
days of CGM. Significantly, of these 108 patients studied,
CGMS detected severe hypoglycemia (<50 mg/dl) in 10.2%
(11 out of 108) and mild hypoglycemia in 25% of the patients
(27 out of 108).

In all the 53 patients who had hypoglycemic events,
severity of hypoglycemia was distributed as follows: 21%
(11 out of 53) severe hypoglycemia, 51% (27 out of 53) mild,
and 28.3% (15 out of 53) a combination of both mild and
severe hypoglycemic events. The total number of patients
demonstrating mild hypoglycemia (27) was more frequent
than severe events (11) (P = .009) and those with severe
events also had frequent mild events (15) (see Table 4).

Daytime Versus Nighttime Hypoglycemia

There was no statistically significant difference (P = .9476)
in the mean number of episodes of daytime hypoglycemia
(1.78 per person) as compared to night time lows (1.81 per
person) as shown in Table 5.

Impact of Diabetes Medications on Prevalence of
Hypoglycemia in T2DM
There was a statistically significant higher number of patients

with hypoglycemia (35 out of 53; 66%) on insulin (alone or in
combination with any other diabetes medication) as compared

Table 4. Hypoglycemic Severity and Hypoglycemia Awareness in
Patients With Hypoglycemic Episodes.

n (%) P value
Hypoglycemic severity
Mild 27 (50.9) .009*
Severe I1(20.7)
Both 15 (28.3)
Hypoglycemia awareness
Yes 13 (24.5) <.001
No 40 (75.4)

*Comparison was between mild and severe hypoglycemia. There were
more episodes of mild than severe hypoglycemia.

Table 5. Number of Hypoglycemic Events or Episodes
Experienced by Hypoglycemia Patient During Day and Night.

n (number of Minimum  Maximum

patients with  number of number of

hypoglycemia) episodes  episodes Mean SD
Day 14 I 4 1.78 1.217
Night I I 3 1.81 0.98l
Day and 28 2 I 5.10 2.572

night

to those on noninsulin medications (18 out of 53 patients;
P =.02), see Table 6. Similarly, there was a significant differ-
ence in the proportion of patients with hypoglycemia who
were on hypoglycemic agents (43 of 53) compared to those
taking medications which normally do not cause hypoglyce-
mia (10 out of 53; P <.001) (see Table 6).

Out of the 53 patients who had hypoglycemic episodes,
10 (18.9%) were on none of the medications that typically
cause lows, 20 (37.7%) were on one agent that can cause
lows, and 23 (43.4%) were on multiple agents that could
cause lows (sulfonylurea, glinide, insulin). There was no sta-
tistically significant difference in the proportion of patients
with hypoglycemia between those on one and those on more
than one hypoglycemic agent (P = .073) (see Table 6).

Hypoglycemia Awareness in T2DM

Of the 53 participants who demonstrated hypoglycemia by
CGMS, only 13 (24.5%) self-reported signs/symptoms with
all hypoglycemic episodes. The majority (75%) of patients
were not aware of their hypoglycemia at all times when
detected by CGMS (P <.001) (see Table 4).

Pseudo-hypoglycemia

Interestingly, 21% of participants self-reported symptoms of
hypoglycemia when neither their SGM nor CGM docu-
mented hypoglycemia to corroborate their symptoms. A sta-
tistically ~significant association was found between
glycosylated hemoglobin (A1C) level and pseudo-hypogly-
cemia, as individuals with A1C <7% were about 4 times as
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Table 6. Distribution of Patients With Hypoglycemia by
Treatment Groups.

n (%) P-value
Insulin
Insulin 35 (66) .02
Noninsulin 18 (34)
Hypoglycemia-causing agents
Yes 43 (81.1) <.001
No 10 (18.9)
Number of hypoglycemic agents
Only | 20 (37.7) .073
2 or more 23 (43.4)
None 10 (18.9)

likely to have pseudo-hypoglycemia compared to those
whose A1C was > 7%, (P =.007, unadjusted odds ratio = 3.8,
95% CI=1.393 to 10.363).

Glycemic Variability

Mean CPGV scores for T2DM patients on insulin were sta-
tistically significantly higher (2.3 + 0.6) compared to those
on oral medications (1.8 £ 0.7, P = .017), with the mean
CPGYV for entire population being (2.1 +0.6).

Treatment Modified

Treatment was modified in 64.4% of the group based on sen-
sor results. Most common modifications were reducing the
dose or frequency of the drug, changing the timing of admin-
istration of the hypoglycemic agent, and completely discon-
tinuing the medication, and only in a few cases modifying
the target pre- or postprandial blood glucose values.

Secondary Variables

Duration of diabetes did not predict hypoglycemic episodes
(P =.733) or hypoglycemia awareness (P = .892). There was
also no statistically significant association between occur-
rence of hypoglycemic episodes and an A1C < 7.0% (P =
.077). Although data are not shown, Beck’s inventory scores
for depression revealed that there was also no statistically
significant association between the occurrence of hypoglyce-
mic episodes and depression (P = .332) in this T2DM popu-
lation. Furthermore, no statistically significant association
was found between occurrence of hypoglycemic episodes
and age (P =.398) or gender (P = .242).

Discussion

About half of all of T2DM participants screened in this study
experienced at least one episode of hypoglycemia during 5
days of CGMS with 21% of those experiencing a severe
hypoglycemic episode(<50 mg/dl). Thus, this study confirms

earlier studies which demonstrate that CGMS detects a high
frequency of previously unrecognized hypoglycemia in indi-
viduals with T2DM on oral hypoglycemic agents, insulin, or
their combination.'”'® The vast majority of our patients
(81%) were on both insulin and/or an oral hypoglycemic
agent, which contributed to the high rate of hypoglycemia.

This study did show that even in people who are on medi-
cations not known to cause hypoglycemia, it does occur. In
this study 18.9% of participants with hypoglycemic episodes
were not on any insulin secretagogues or insulin. Two of
those participants had glucose readings below 50 mg/dl—1
was on a GLP-lreceptor agonist and 1 was on a GLP-1
receptor agonist plus metformin. This is an important
reminder that hypoglycemia can occur for many reasons. We
did not collect data on participants’ daily activities or alcohol
consumption, so we were unable to determine if these factors
played a role in these events.

Hypoglycemia unawareness was also a significant prob-
lem detected in this population as 75% of the individuals had
at least one hypoglycemic episode detected by CGMS that
was not sensed or documented by the patient. Importantly of
the 53 people who had hypoglycemia—14 of them were on
beta-blockers at the time, and of those 14 participants, 11 had
hypoglycemic unawareness. This reemphasizes the warnings
we should give to people who are taking beta blockers and
the blunting of the physiologic response to hypoglycemia.

There was also a subpopulation of patients (21%) who
reported symptoms of hypoglycemia at a time when they were
not low either by SGM or CGMS (pseudo-hypoglycemia). It
is interesting in our cohort that lower A1C levels < 7% were
not associated with a higher frequency of overt hypoglycemia,
yet pseudo-hypoglycemia was documented more frequently in
those patients with lower A1Cs. Given the high frequency of
pseudo-hypoglycemia in some of these patients suggests
increased symptom awareness, fear, or even anticipation of
hypoglycemia. Pseudo-hypoglycemia is a common symptom
in T2DM patients with anxiety and diabetes distress;** this
may be an explanation for the above observation.

Incorrect identification of this condition can lead to
reduced medication adherence and defensive eating practices
that may undermine treatment plans. This is an important
safety issue for patients with true hypoglycemia to avoid
accidents and macrovascular events. Thus both awareness of
hypoglycemia and correct identification of individual symp-
toms of hypoglycemia needs to be stressed more in every
patient with T2DM who is on any medication or combination
of medications which can cause hypoglycemia.

Previous studies have reported that the incidence of hypo-
glycemia in patients with T2DM increases progressively
with use of oral hypoglycemic agents (sulfonylureas and
meglitidines) and insulin and with escalating doses of insulin
increasing that frequency.”* For participants with hypogly-
cemia in this study, there was a statistically significant differ-
ence in the frequency of hypoglycemia for those on insulin
(alone or in combination) versus the noninsulin group and
also for those on hypoglycemic agents. However, there was
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no relationship between the number of diabetes medications
and frequency of hypoglycemia.

Weber et al,'” in a small study, dramatically reduced the
prevalence of hypoglycemia in their T2DM patients with a
subsequent 3-day CGMS. Two-thirds of participants in this
study had a change in treatment as a result of information
gained from CGM. This resulted in reduction of dose of insu-
lin or oral medications or removal of an agent.

Using the GV metric developed by the authors, much
higher CPGV values were observed in T2DM patients on
insulin compared to those on oral medications. Given that
T2DM is a progressive disease with increasing insulin defi-
ciency and increased reliance on exogenous insulin,'* it
makes sense that there would be higher rates of both hypo-
glycemia and GV in insulin-treated patients. Future studies
will need to be conducted to determine if routine assessment
of the CPGV by CGMS adds to the prediction of future
hypoglycemia or the increased risk for long-term complica-
tions, which have been suggested in both forms of diabetes.

The major limitation of this study is the small sample size,
which limits the statistical power of this study and makes
generalization to other populations more difficult. We did
not have a large enough sample size to see if there were dif-
ferences in the risk for hypoglycemia or CPGV among the
various medications or medication combinations other than
insulin and hypoglycemic agents. The accuracy of both
SGM and CGMS is still a major issue of concern in the dia-
betes research literature, especially with hypoglycemia.
This is particularly important when we are using hard cut-
offs for hypoglycemia that may exceed the accuracy of the
outpatient gold standard SGM. This study reemphasizes the
need for a better gold standard. Finally many of these par-
ticipants had changes in their treatments in response to this
study. The investigators did not elaborate on the changes
and if they worked in this study as it was beyond the scope
of this study.

Klonoff*® advocates that CGMS should become an inte-
gral part of diabetes management. CGM provides much
greater insight into glucose excursions throughout the day
and can help identify and prevent unwanted episodes of
hypoglycemia and hyperglycemia. This can be utilized ini-
tially for patients with difficult-to-control diabetes and even-
tually for routine use in most patients with diabetes. The
authors believe that routine, intermittent use of CGM should
be considered for all patients with T2DM, especially those
on any medication that causes hypoglycemia.

Conclusion

Hypoglycemia is much more frequent in asymptomatic
patients with T2DM than is generally appreciated.
Hypoglycemia increases T2DM patient risk for acute injuries
(falls or motor vehicle accidents), medical visits/hospitaliza-
tions, and acute macrovascular complications. It can be a nui-
sance, cause distraction, and be embarrassing at times. Fear of
an episode can cause a major barrier to glycemic control.

Intermittent use of CGM should be considered in all
T2DM patients who are taking medications that can cause
hypoglycemia. Finally, once hypoglycemia has been
detected, a renewed emphasis on diabetes education regard-
ing the symptoms, treatment, and prevention of hypoglyce-
mia should be initiated in addition to medication changes.
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