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Abstract

Background: Hypoglycemia affects patient safety and glycemic control during insulin treatment of both type 1
(T1DM) and type 2 diabetes mellitus (T2DM). The Hypoglycemia Assessment Tool study in Brazil aimed to determine
the proportion of patients experiencing hypoglycemic events and to characterize patient awareness and fear about
hypoglycemia, among insulin-treated T1DM or T2DM patients.

Methods: This was a non-interventional, multicenter study, with a 6-month retrospective and a 4-week prospective
evaluation of hypoglycemic events. Patients completed a questionnaire at baseline and at the end of the study, and
also a patient diary. The answers ‘occasionally’and ‘never’to the question ‘Do you have symptoms when you have a
low sugar level? denoted impaired hypoglycemia awareness. Fear was reported on a 10-point scale, from ‘not afraid at
all'to‘absolutely terrified’

Results: From 679 included patients, 321 with T1DM and 293 T2DM, median age of 33.0 and 62.0 years, 59% and 56%
were female, and median diabetes duration was 15.0 and 15.0 years, respectively. Median time of insulin use was 14.0
and 6.0 years. During the prospective period, 91.7% T1DM and 61.8% T2DM patients had at least one hypoglycemic
event. In the same period, 54.0% T1DM and 27.4% T2DM patients had nocturnal hypoglycemia, 20.6% T1DM and
10.6% T2DM patients had asymptomatic hypoglycemia, and severe events occurred in 20.0% and 10.3%, respectively.
At baseline, 21.4% T1DM and 34.3% T2DM had hypoglycemia unawareness. The mean score of hypoglycemia fear
was 59+3.1inT1IDM and 54+ 3.9 in T2DM. The most common attitude after hypoglycemic events were to increase
calorie intake (60.3%) and blood glucose monitoring (58.0%) and to reduce or skip insulin doses (30.8%).

Conclusions: Referred episodes of hypoglycemia were high, in both TIDM and T2DM insulin users. Patient attitudes
after hypoglycemia, such as reduction in insulin and increase in calorie intake, can affect diabetes management. These
findings may support clinicians in tailoring diabetes education and insulin treatment for patients with diabetes, in
order to improve their glycemic control while reducing the risk of hypoglycemic events.
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Background

Diabetes mellitus is a major cause of morbidity and mor-
tality worldwide, as a result of its impact on cardiovas-
cular system, eyes, kidneys, and nerves [1]. Optimizing
blood glucose control is demanding, since it requires
balancing the need for glycemic control with the risk of
hypoglycemia [2—4]. In fact, the risk of hypoglycemia is
a barrier to optimal treatment of type 1 diabetes (T1DM)
and type 2 diabetes (T2DM), especially within the con-
text of insulin therapy [5].

Hypoglycemic episodes may manifest in different
ranges from asymptomatic to severe neurological symp-
toms, like dizziness, confusion, weakness and loss of
consciousness [6—8]. Recurrent asymptomatic episodes
characterizes hypoglycemia unawareness, which has
been shown to increase the risk of severe hypoglycemic
episodes [6, 9]. Moreover, patient fear of hypoglycemia
is frequent and may also affect treatment adherence and,
thus, glycemic control [6, 10].

Some observational studies have reported that individ-
uals with T1IDM experience about 42.0-136.8 non-severe
hypoglycemic events per patient-year [11, 12]. Regard-
ing T2DM, non-severe hypoglycemia seems to occur less
frequently (0.2 to 48.0 events per patient-year) but, like
in T1IDM, may increase with longer duration of insulin
therapy [11, 12]. Nonetheless, most studies had a retro-
spective/cross-sectional design, and are almost limited to
North American and European health contexts [12].

The Hypoglycemia Assessment Tool (HAT) study was
a multinational non-interventional study that included
27,585 adult TIDM or T2DM patients, from 24 coun-
tries in six world regions. The study results have shown
that, during a 4-week prospective period, 83.0% T1DM
patients and 46.5% T2DM patients had at least one hypo-
glycemic episode [12]. However, the study initially did
not include Brazil, one of the top 10 countries in number
of people living with diabetes: it was estimated that 11.9
million Brazilian adults were living with diabetes in 2013,
which correspond to a prevalence of 11.9% [13].

Recognizing the scarce data about hypoglycaemia
and how this affects diabetes control and management,
the HAT study was implemented in Brazil to determine
the proportion of patients experiencing hypoglycemic
events, to characterize patient awareness, fear and atti-
tudes towards hypoglycemia, and to estimate health
resource use and costs of managing hypoglycemic events
among patients with TIDM or insulin-treated T2DM.

Methods

Patients and study design

This was a national, non-interventional, multicenter
study, with a 6-month retrospective and a 4-week pro-
spective evaluation of hypoglycemic events. The primary
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endpoint was defined as the percentage of patients
experiencing at least one hypoglycemic event dur-
ing the 4-week prospective period. Included patients
were > 18 years-old and had T1DM or T2DM treated
with insulin for more than 12 months. Patients were
excluded from the study if followed-up at non-ambula-
tory setting, or not able to answer to the written survey,
or if participating in any interventional clinical study. All
participants provided their written informed consent
prior to any study-related activity. Eligible participants
were consecutively enrolled from 21 centers in Brazil,
when attending to a routine medical appointment with a
diabetes specialist, between October 2014 and February
2015.

Data collection

At baseline, the first questionnaire recorded baseline
demographic and treatment information, and evaluate
patient knowledge, hypoglycemia unawareness and per-
ceptions of hypoglycemia over the last 6 months. History
of severe hypoglycemic events during the same period
was also collected, as well as history of symptomatic
events over the last 4 weeks. A patient diary was provided
to each participant, to register hypoglycemic events dur-
ing the prospective period. A second questionnaire
evaluated the history of both severe and symptomatic
hypoglycemia over the 4 weeks after baseline. When a
patient recorded more hypoglycemic events in the diary
than during the second questionnaire, the patient diary
information was used to estimate prevalence and hypo-
glycemia rates.

Hypoglycemia definitions

Severe hypoglycemia was defined according to the
American Diabetes Association definition, as any hypo-
glycemic event requiring assistance of another person
to actively administer carbohydrate, glucagon, or other
resuscitative actions [14]. Non-severe hypoglycemia was
defined as events managed by the patient alone, and “any
hypoglycemia” resulted from the sum of severe and non-
severe hypoglycemia. Other definitions used in this study
were nocturnal hypoglycemia (hypoglycemia occurring
between midnight and 06:00 h) and hypoglycemia requir-
ing hospital admission.

Hypoglycemia unawareness and fear of hypoglycemia
Hypoglycemia unawareness was evaluated with the ques-
tion ‘Do you have symptoms when you have a low sugar
level?, where ‘always’ and ‘usually’ denoted normal, ‘occa-
sionally’ denotes impaired, and ‘never’ corresponded to
severely impaired awareness. Fear of hypoglycemia was
reported on a 10-point scale, from ‘not afraid at all’ to
‘absolutely terrified.
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Use of health resources and costs

Self-reported use of healthcare resources, related with
hypoglycemic events, was collected from the patient
diary, with data from the 4-week prospective period.
The economic analysis assumed the societal perspec-
tive, with the estimates of direct cost based on the
healthcare resources required to manage hypoglycemic
events (i.e. hospitalization, emergency assistance, extra
visits to physician/nurse and outpatient administra-
tion of carbohydrates or glucagon), and indirect costs
relate with labor absenteeism due to hypoglycemia (i.e.,
sick leave and delays to work) calculated considering
the Capital Human Approach using Brazilian mini-
mum monthly income by gender and age class. Prices
for health resources were obtained from official Bra-
zilian sources DATASUS—Base de dados ambulato-
rial e hospitalar 2014 (hospitalization and emergency
visits), SIGTAP—Sistema de Gerenciamento da tabela
de Procedimentos, Medicamentos e OPM do SUS (medi-
cal visits) and BPS—Banco de Pregos em Satide (use of
glucagon). Yearly costs were extrapolated based on the
prospective assessment, in Brazilian Reais, for the year
2015.

Statistical analysis

Sample size was calculated based on the primary end-
point of the study. The inclusion of at least 675 patients
would enable the estimation of 95% confidence interval
(CI) for the percentage of patients experiencing at least
one hypoglycemic event during the observation period,
with a maximum precision error of 4% and assuming a
drop-out rate of 11%.

The incidence of hypoglycemic episodes during
prospective period was defined as the percentage of
patients experiencing at least one hypoglycemic event
during the 4-week observational prospective period.
Patients with hypoglycemic events were identified
if having reported at least one hypoglycemic event in
either the second questionnaire or the patient diary.
The incidence of hypoglycemic events, by diabetes type
(T1DM or T2DM), was calculated with corresponding
95% CI assuming a binomial distribution. For second-
ary endpoints, the incidence of various types of hypo-
glycemia was calculated as the number of events per
patient year, as expressed by [total number of events/
total follow-up time (patient years)]. The frequency of
patients with at least one severe, non-severe, any, noc-
turnal and hospital-requiring hypoglycemic events,
are also presented by diabetes type, and stratified by
glycated hemoglobin (HbAlc) at baseline and by age
(<65 years old versus > 65 years old). In addition, the
Mann—-Whitney test was performed to examine the
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association between HbAlc and the occurrence of
severe hypoglycemia.

To examine the relationship between hypoglycemia and
eventual predictors, negative binomial regression models
were defined by specifying a log-transformed exposure
time offset term and adjusting (stepwise) for all variables
in the model, namely: age (years), gender, HbAlc (%),
type of diabetes, duration of diabetes (years), duration
of insulin therapy (years), type of insulin therapy, fre-
quency of blood glucose testing, hypoglycemia unaware-
ness, knowledge of hypoglycemia before baseline, fear of
hypoglycemia, study period (prospective/retrospective)
and diabetes type. No imputation of missing data was
performed. The negative binomial regression model for
the hospital-requiring hypoglycemic events was not pre-
sented, as some convergence criteria were not satisfied.

Of those patients who had ever experienced hypoglyce-
mia, the number and proportion with normal, impaired,
and severely impaired hypoglycemia awareness, were
summarized by diabetes type and by whether or not
patients have experienced severe hypoglycemia in the
6 months before baseline. A logistic regression model
was performed to examine the relationship between the
above mentioned predictor variables and the odds of
having an impaired or severely impaired hypoglycemia
unawareness.

Patients’ fear of hypoglycemia was also analyzed by dia-
betes type and whether or not patients have experienced
severe hypoglycemia in the 6 months before baseline. The
number and proportion of patients who, as a result of
fear of hypoglycemia, have and have not consulted their
doctor/nurse, increased calorie intake, avoided physical
exercise, reduced insulin doses, skipped insulin injec-
tions and increased blood glucose monitoring was also
determined.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and of the Guide-
lines for Good Pharmacoepidemiology Practices. The
study protocol and patient informed consent documents
were reviewed and approved by the ethics committees of
all study centers.

Results

Sample characteristics

From 679 included patients, 321 had T1DM, 293 T2DM
and 65 had unclassified TIDM/T2DM. Table 1 presents
the main characteristics of the study sample. Patients
with TIDM were younger than those with T2DM
(median age 33.0 years vs. 62.0 years) and more T1DM
patients were full-time employees (45.5% vs. 21.2%).
Both T1DM and T2DM patients had a similar duration
of diabetes (both with a median of 15.0 years) but TIDM
patients had a longer duration of insulin use (median of
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Table 1 Demographics and diabetes history of study population

T1DM (n=321) T2DM (n=293)

Female sex, n (%)
Age (years), median [Q1, Q3]
Full-time employment, n (%)
Duration of diabetes (years), median [Q1, Q3]
Last measured HbA1c value (%), median [Q1, Q3]
Checks blood sugar levels, n (%)
Has ever experienced hypoglycemia, n (%)
(if yes) Patients identifying hypoglycemia based on, n (%)
Symptoms only
Blood glucose measurement only
Either symptoms or a blood glucose measurement
Both symptoms and blood glucose measurement
Other
Missing
Duration of insulin use (years), median [Q1, Q3]
Diabetes treatment, n (%)®
Only short-acting insulin
Only long-acting insulin
Both short- and long-acting insulin
Mixed insulin
Insulin pump
Oral anti-diabetes treatment
Injectable anti-diabetes treatments other than insulin
Patients who completed second questionnaire

188 (58.8%) 162 (55.5%)
33.0[26.0,44.0] 62.0 [55.0, 68.5]
136 (45.5%) 58 (21.2%)
15.01[9.0, 22.0] 15.0[10.0, 22.0]
7.7[7.0,85] 7917.3,9.1]
314 (98.4%) 259 (88.7%)
313 (97.5%) 247 (84.3%)
83 (27.4%) 96 (41.4%)
23 (7.6%) 38 (16.4%)
56 (18.5%) 28 (12.1%)
129 (42.6%) 65 (28.0%)
12 (4.0%) 5(2.2%)

18 61

14.0 [8.0, 22.0] 6.0 [3.0,10.0]
26 (8.2%) 15 (5.1%)

14 (4.4%) 123 (42.0%)
250 (77.9%) 137 (46.8%)
12 (3.8%) 11(3.8%)

17 (5.3%) 1(0.3%)

29 (9.1%) 177 (60.4%)
44 (13.8%) 4 (1.4%)

276 (86.0%) 254 (86.7%)

Q7 lower quartile, Q3 upper quartile
@ Each patient can use more than one treatment for diabetes

14.0 years vs. 6.0 years). The most common treatment
(77.9%) for TIDM was both short and long-acting insu-
lin analogues, used alone or in combination with other
treatments, while oral anti-diabetes drugs combined with
insulin was the most frequent option (60.4%) for T2DM.
Among T1DM patients that had a previous experience of
hypoglycemia (n=313), 42.6% identified hypoglycemic
events by both symptoms and blood glucose measure-
ment. Regarding T2DM patients with a previous expe-
rience of hypoglycemia (n=247), 41.4% reported using
only symptoms to identify hypoglycemia. A total of 588
(86.6%) patients completed the second questionnaire and
the patient diary, from which 276 were T1DM patients,
254 were T2DM patients and 58 had unclassified TIDM/
T2DM.

Incidence of hypoglycemia

In the 4-week prospective period, 253 (91.7%; 95% CI
88.4-94.9%) T1DM patients and 157 (61.8%; 95% CI
55.8-67.8%) T2DM patients reported at least one hypo-
glycemic event, based on the second questionnaire or
patient diary. For the same period, Table 2 presents the

frequency and incidence rates of severe, non-severe,
any, nocturnal and requiring hospitalization hypoglyce-
mic events, considering only the second questionnaire
information. Regarding severe hypoglycemia, 25.7%
T1DM patients and 13.4% T2DM patients had at least
one episode, with estimated incidence rates of 9.8 and
6.2 events/patient-years. A total of 5.2% T1DM (vs. 3.3%
T2DM) patients reported at least one episode requiring
hospitalization, with annual rates of 1.6 (vs. 0.4) events/
patient-years. TIDM patients also reported higher fre-
quency of nocturnal event (54.9% vs. 27.4%) and higher
incidence rates for these hypoglycemic episodes (23.6 vs.
6.1 events/patient-years). Asymptomatic hypoglycemic
events were reported in 20.6% (n=66) T1DM and 10.6%
(n=31) T2DM patients.

Factors associated with hypoglycemia
The risk of severe, non-severe and any hypoglycemia
were significantly higher during the prospective period
(Table 3).

The risk of severe hypoglycemic events was higher
for female patients (IRR=1.67), patients with longer
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Table 2 Frequency and incidence of severe, non-severe, any, nocturnal and hospital-requiring hypoglycemic events,

4 weeks after baseline

T1DM (n=276) T2DM (n=254)

Severe

Frequency, n (%) 71 (25.7%) 34 (13.4%)

Incidence rate, events/patient-years (95% Cl) 9.8 (8.5-11.3) 6.2 (5.2-74)
Non-severe

Frequency, n (%) 235 (85.1%) 128 (50.4%)

Incidence rate, events/patient-years (95% Cl) 99.0 (94.8-103.3) 25.5(23.3-27.9)
Any

Frequency, n (%) 248 (89.9%) 142 (55.9%)

Incidence rate, events/patient-years (95% Cl) 108.8 (104.4-113.3) 31.7(29.3-34.3)
Nocturnal

Frequency, n (%) 141 (54.0%) 62 (27.4%)

Incidence rate, events/patient-years (95% Cl) 236 (21.4-25.9) 6.1(4.9-74)
Requiring hospitalization

Frequency, n (%) 14 (5.2%) 8(3.3%)

Incidence rate, events/patient-years (95% Cl) 1.6(1.1-2.3) 0.4 (0.2-0.8)

Cl confidence interval

duration of diabetes (IRR=1.03) and with more fear of
hypoglycemia (IRR=1.17), while decreasing with age
(IRR=0.98). Regarding non-severe and any hypogly-
cemia, patients with higher frequency of blood glucose
monitoring, longer duration of insulin therapy, and type
2 diabetes had higher risk. The risk of nocturnal hypo-
glycemic events was also significantly higher for patients
with higher frequency of blood glucose monitoring
(IRR=1.12), for T2DM patients (IRR=2.06), and associ-
ated with impaired hypoglycemia awareness (IRR=0.65).

Glycated hemoglobin (HbAlc) at baseline was not
associated with risk of hypoglycemia after adjusting for
potential confounders, although a negative association
was found between HbAlc and severe hypoglycemia
(Mann—Whitney: p-value=0.003). In addition, T1IDM
and T2DM patients with HbAlc < 7% at baseline reported
more severe, non-severe, any, nocturnal and hospital-
requiring hypoglycemic events than those between 7 and
9% or higher than 9% (Fig. 1). Similarly, for both diabetes
types, patients younger than 65 years old reported more
severe, non-severe, any and nocturnal events when com-
pared with older patients (Fig. 2). On the contrary, for
T1DM patients the occurrence of hypoglycemia requir-
ing hospitalization was higher in older patients when
compared with patients who were less than 65 years of
age.

Hypoglycemia awareness

At baseline, 21.1% T1DM and 34.6% T2DM patients had
impaired or severely impaired awareness. When compar-
ing patients that had experienced or not hypoglycemic

events in the 6 months before baseline (Fig. 3), T2DM
patients with previous hypoglycemia seem to be more
aware of hypoglycemia than those without previous
experience (73.7% vs. 63.2%), while similar results were
observed among T1DM patients with and without pre-
vious hypoglycemia (76.9% vs. 79.7%). In addition, the
chance of having an impaired or severely impaired
hypoglycemia unawareness decreased with higher age
(OR 0.98, 95% CI 0.97-0.99), after adjusting for gender,
HbAlc, duration/type of diabetes and insulin therapy,
frequency of blood glucose monitoring, knowledge and
fear of hypoglycemia, psychosocial well-being, severe and
non-severe hypoglycemia events.

Fear of hypoglycemia

The mean score of hypoglycemia fear was 5.9+3.1
in TIDM and 5.4=£3.9 in T2DM. The most common
actions after a hypoglycemic event were to increase calo-
rie intake (60.3%) and blood glucose monitoring (58.0%),
and to reduce or skip insulin doses (30.8%). Table 4 pre-
sents the most common actions after a hypoglycemic
event, by diabetes type and by previous experience of
severe hypoglycemia in the last 6 months. A higher pro-
portion of TIDM patients that experienced severe hypo-
glycaemia (compared to T2DM patients) have consulted
their physician/nurse (60.2% vs. 48.3%), increased calorie
intake (74.4% vs. 63.3%), avoid physical activity (37.3%
vs. 27.3%), reduced insulin doses (91.6% vs. 44.1%) and
increased the number of times checking blood glucose
(76.5% vs. 50.8%). Regarding skipping insulin injections,
similar results were observed between T1DM and T2DM
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severe, any, and nocturnal hypoglycemic events

IRR (95% Cl) p-value
Severe hypoglycemic events?
Age (years) 0.98 (0.97-0.99) 0.001
Gender: female [ref. male] 1.67 (1.01-2.77) 0.047
Duration of diabetes (years) 1.03 (1.01-1.05) 0.001
Fear of hypoglycemia (scale 1-10) 1.17 (1.06-1.29) 0.002
Period: prospective [ref. retrospective] 475 (2.75-8.23) <0.001
Non-severe hypoglycemic events®
Duration of insulin therapy (years) 1.02 (1.01-1.03) 0.003
Diabetes type: TIDM [ref. T2DM] 2.59(1.99-338) <0.001
Frequency of blood glucose monitoring 1.14(1.07-1.20) <0.001
(days)
Period: prospective [ref. retrospective] 1.81(1.53-2.14) <0.001
Any hypoglycemic events?
Duration of insulin therapy (years) 1.02(1.01-1.03) <0.001
Diabetes type: TIDM [ref. T2DM] 234 (1.81-3.03) <0.001
Frequency of blood glucose monitoring 1.13(1.06-1.20) <0.001
(days)
Period: prospective [ref. retrospective] 2.05(1.76-2.39)  <0.001
Nocturnal hypoglycemic events®
Diabetes type: TIDM [ref. T2DM] 2.06 (146-2.90) <0.001
Frequency of blood glucose monitoring 1.12(1.05-1.20) 0.001
(days)
Hypoglycemia awareness: impaired or 0.65 (0.46-0.91) 0.012

severely impaired [ref. normal]

* Negative binomial regression model (after stepwise) Subject effect: Patient;
Within-subject effect: Period; Offset variable: Ln (follow-up time); Dependent
variable: number of hypoglycemic events. Independent variables: age, gender,
HbA1c, diabetes type, duration of diabetes, duration of insulin therapy, type
of insulin therapy, frequency of blood glucose monitoring, knowledge of
hypoglycemia, hypoglycemia unawareness, fear of hypoglycemia and period
IRR incidence rate ratio, C/ confidence interval. Ref. reference category versus
the one is making comparison (categorical variables); for continuous variables,
please consider IRR per additional unit
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patients (33.3% and 31.0%, respectively). When consid-
ering patients without severe hypoglycaemia in the last
6 months, more T1DM (vs. T2DM) patients consulted
their physician (43.5% vs. 28.4%), increased calorie intake
(67.5% vs. 51.4%), avoid physical exercise (23.3% vs.
13.5%), reduced insulin doses (64.5% vs. 20.2%), skipped
insulin doses (24.3% vs. 18.9%), or increased the number
of times checking blood glucose (70.5% vs. 49.1%).

Costs of managing hypoglycemic events

A total of 281 patients (T1DM/T2DM: 47%/53%) had
no missing data in health resource variables and were
considered for an economic analysis (Table 5). On aver-
age, hypoglycemic episodes represented a yearly cost to
the Brazilian society of R$709 per T1DM patient (range
R$0-R$12.364; direct cost: R$640; indirect cost: R$69)
and R$396 per T2DM patient (range R$0-R$10.431;
direct cost: R$390; indirect cost: R$6). Hospitalizations
were the main cost driver.

Discussion

The HAT study in Brazil evaluated the frequency and
incidence rate of hypoglycemia in a cohort of patients
with insulin-treated diabetes mellitus. It was found that
91.7% T1DM patients and 61.8% T2DM patients had at
least one hypoglycemic event during the 4 weeks after
baseline, a short period of observation. These frequencies
were higher than those observed at the global HAT study,
where, overall, 83.0% T1DM and 46.5% T2DM patients
had at least one hypoglycemia in the prospective period
[12]. In addition, hypoglycemic rates observed in Brazil
were even higher that those reported by the global HAT
study for the Latin America region (87.4% T1DM and
43.8% T2DM).

100.0
80.0
60.0

40.0

20.0 I
0.0 I

% of patients

HbA1c <7% | HbA1c =7%-9%
T1DM
= Severe Non-severe Any

baseline and by diabetes type

HbA1c >9%

Nocturnal

HbA1c <7% | HbA1c=7%-9% HbA1c>9%
T2DM

Requiring hospitalization

Fig. 1 Patients with severe, non-severe, any, nocturnal and hospital-requiring hypoglycemic events, stratified by glycated hemoglobin (HbA1c) at
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versus > 65 years old) at baseline and by diabetes type
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Fig. 2 Patients with severe, non-severe, any, nocturnal and hospital-requiring hypoglycemic events, stratified by age (<65 years old
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Impaired awareness
Fig. 3 Hypoglycemia unawareness at baseline, by diabetes type and by previous experience of severe hypoglycemia in the last 6 months

m Severely impaired awareness

The incidence of severe hypoglycemia was higher
in the present study, with 25.7% T1DM patients and
13.4% reporting at least one event during the prospec-
tive period. In the global study, the proportions were
14.4% and 8.9%, respectively [12]. The same trend was
observed for the incidence rates: 4.9 and 2.5 severe
events per patient-year in the global study vs. 9.8 and
6.2 severe events per patient-year in this study, for
T1DM and T2DM patients, respectively. When con-
sidering nocturnal episodes, Brazilian patients also
reported higher incidence rates (23.6 and 6.1 events/
patient-years among T1DM and T2DM, respectively)
compared to the rates observed in the global study
(11.3 and 3.7 events/patient-years among T1DM and
T2DM, respectively).

The higher hypoglycemia frequencies that were
observed, especially among T2DM patients, may reflect
differences in diabetes management, even between coun-
tries from the same geographic region. A cross-sectional
study that included T1DM Brazilian patients reported
that 96.8% experienced hypoglycemia at least once in the
last 3 months and that 89.6% had at least one hypoglyce-
mic event in the last month [15].

Predictors of having any hypoglycemia included the
higher frequency of blood glucose monitoring, longer
duration of insulin therapy, and TIDM. Longer duration
of insulin therapy has been described as a predictor of
hypoglycemic events, and may reflect the need for treat-
ment adjustment that occurs with the natural course of
the disease and counter regulatory hormonal deficiencies
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Table 4 Fear of hypoglycemia and actions taken after hypoglycemic events, by diabetes type and previous experience

of severe hypoglycemia

T1DM T2DM
With severe Without severe With severe Without severe
hypoglycemia hypoglycemia hypoglycemia hypoglycemia
in the last 6 months in the last 6 months in the last 6 months in the last 6 months
(n=119) (n=198) (n=60) (n=231)
Fear of hypoglycemia at baseline, 6.6+297 5443.00 6.5+3.40 514399
mean =+ SD?
Actions taken after hypoglycemic events, n (%)°
Consulted their physician/nurse 68 (60.2%) 80 (43.5%) 28 (48.3%) 61 (28.4%)
Increased calorie intake 87 (74.4%) 129 (67.5%) 38 (63.3%) 113 (51.4%)
Avoid physical exercise 41 (37.3%) 42 (23.3%) 15 (27.3%) 28 (13.5%)
Reduced insulin doses 93 (91.6%) 120 (64.5%) 26 (44.1%) 43 (20.2%)
Skipping insulin injections 37 (33.3%) 44 (24.3%) 18 (31.0%) 40 (18.9%)
Increased the number of times check- 88 (76.5%) 134 (70.5%) 30 (50.8%) 108 (49.1%)

ing blood sugar

SD standard-deviation
? On ascale from 0 to 10, where 0= Not afraid at all and 10 =absolutely terrified
b More than one possible answer

Table 5 Health resource use and productivity loss due
to hypoglycemia (n=281)

T1DM T2DM
(n=131) (n=150)
Monthly health resource use
Hospitalization, % 53 27
Mean duration (days) 4 4
Emergency visits, % 3.1 4.7
Mean number of emergency visits 3 2
Physician/nurse visits, % 0.8 2.7
Mean number of visits 3 3
Use of glucagon, % 19.8 12
Work productivity loss
Patients with lost working days, % 32 0.7
Mean number of lost working days 30 24
Yearly cost per patient (RS) 709 396
Yearly cost per component, %
Hospitalization 63.8 65.2
Emergency visits 38 73
Physician/nurse visits 06 08
Use of glucagon 220 253
Productivity loss 9.7 15

SD standard-deviation

related to pancreatic beta-cell failure [8, 16]. The higher
frequency of blood glucose monitoring was also associ-
ated with non-severe hypoglycemic events, probably
because some of these events were asymptomatic and
only identified by blood glucose measurement.

At baseline, about 20% T1DM patients and 35% T2DM
patients had impaired or severely impaired hypoglycemia
awareness. We hypothesize that TIDM patients could
be more knowledgeable about hypoglycemia and moni-
tor glycemia more frequently, even when asymptomatic.
Hypoglycemia unawareness was associated with lower
rates of reported nocturnal hypoglycemia, which should
be further evaluated since prolonged nocturnal events
can lead to disturbances of cardiac function [17]. Unlike
other studies that report an association between the
hypoglycemia unawareness with older T2DM patients
[9, 18], the results herein obtained suggested that older
patients might have a slightly decreased hypoglycemic
unawareness than younger patients. Nevertheless, fur-
ther studies are necessary in order to clarify this associa-
tion, while adjusting to other confounding variables that
may have not been considered in the present study.

Similar to other studies, fear of hypoglycemia was asso-
ciated with higher risk of severe hypoglycemia, most
probably due to reverse causality of previous severe
events [12]. Overall, patients from our study seem to
experience more fear than that observed in the global
study, with mean scores of 5.9 vs. 4.7 for TIDM patients,
and 5.4 vs. 4.4 for T2DM patients [19]. In the prospective
period, the more frequent reaction following hypogly-
cemic events was to increase blood glucose monitoring
(63.8% T1DM patients and 50.9% T2DM patients). In
the global study, this reaction was also the most frequent
among T1DM patients (69.7%), but requiring any form of
medical assistance was the most frequent reaction among
T2DM patients (62.0%) [19]. Furthermore, our study
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showed that 91.6% T1DM patients with a previous severe
hypoglycemia reported the reduction of insulin doses, a
reaction that may compromise glycemic control.

Estimated costs for hypoglycaemias in T1IDM patients
are almost two times the costs in T2DM, most probably
due to higher incidence of hypoglycaemias and need
of hospitalizations [20]. Of notice, results of the HAT
study for Central and Eastern European countries have
reported that TIDM patients had less hospitalizations
due to hypoglycaemia compared to T2DM patients (1.2%
vs. 2.1%) [21]. Another study from Canada also confirm
hospital admissions as the main cost driver but reported
a higher cost of managing hypoglycemias among T2DM
patients, as a result of more medical appointments and
more lost working days in this group [22]. These obser-
vations, alongside with the high incidence rates of hypo-
glycemia, reinforce the need of optimizing patient access
to healthcare, in order to achieve a better tailored insu-
lin regimen and glycemic control and avoid the need of
hospitalizations.

As a non-interventional self-reported study, there were
some limitations such as potential misunderstanding of
questions, and erroneous self-perception of hypoglyce-
mic events by the patient, besides the possible recall bias,
especially for baseline questions related to the previous
6 months. Missing data was frequent in some questions,
namely when patients who reported having hypoglycemic
events in the patient diary did not report the number of
events that occurred in second questionnaire. When dis-
crepancies were found between patient diary and second
questionnaire regarding the registries of hypoglycemia,
it was assumed the highest frequency stated on either of
these forms to estimate frequency and incidence rate but
the higher reporting in the patient diary may be partially
explained by an increased awareness about hypoglycemia
and the reminder effect of the patient diary.

The HAT study methodology enables the comparison
of data across several regions and countries, thus provid-
ing real-world information about hypoglycemia rate and
risk factors. The self-reporting of hypoglycemia, although
prone to misunderstanding and overestimation of hypo-
glycemia, provides the collection of events that patients
could, otherwise, forgot to report or neglect due to the
absence of symptoms. The evaluation of several patient-
centered dimensions, such as hypoglycemia awareness
and fear, is expected to support clinicians on tailoring
insulin treatment and improving patient education and
diabetes management.

Conclusions

In Brazil, the HAT study highlighted that hypogly-
cemic events are frequent among patients with insu-
lin-treated diabetes and may compromise patient
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adherence to insulin treatment [23]. Alongside the
Brazilian high prevalence of diabetes and short and
long-term consequences of hypoglycemia, these find-
ings require a further evaluation of diabetes manage-
ment strategies and barriers to a more effective and
safe control.
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