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Conclusion: Not only severe but also symptomatic hypoglycemia negatively affect patient QoL, espe-
cially in T2DM. Addressing fear of hypoglycemia should be a goal of diabetes education.

© 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.

Introduction

Improved metabolic control is a goal of diabetes care,
aiming to prevent or delay the development of micro-and
macrovascular complications both in type 1 diabetes and
type 2 diabetes [1]. However, therapeutic efforts necessary
to maintain the values of glycated hemoglobin (HbA1lc)
within the target lead to an increased risk of hypoglycemia,
especially when using insulin or secretagogues [2,3]. Hy-
poglycemia is generally perceived as an inevitable price to
pay to achieve the HbA1c goal. Nevertheless, hypoglycemia
is responsible for increased risk of cardiovascular events,
fractures, cognitive impairment, and mortality [4—6]. Hy-
poglycemia is associated with high direct and indirect costs
for healthcare systems and citizens [7—9]. It also exerts a
negative impact on quality of life and can interfere with a
wide range of daily activities [10]. People who have had
experience of severe hypoglycemia tend to report a poorer
quality of life and major concerns related to the disease [9].
Following hypoglycemia episodes, patients can develop fear
of hypoglycemia that not only decreases their quality of life
but also that of their family members [11—13].

The HYPOS-1 study represents the largest study on the
burden of hypoglycemia in people with type 1 and type 2 cared
for by diabetes outpatient clinics in Italy. Incidence, predictors,
and costs associated with hypoglycemia were investigated and
useful information derived for physicians and payers [14—16].
In the context of the HYPOS study, information on quality of
life and patient behaviors associated with hypoglycemia was
also collected. Aims were to investigate the role of hypogly-
cemia on general health status, psychological well-being,
diabetes-related distress and fear of hypoglycemia both in
type 1 and type 2 diabetes. The study aimed to evaluate the
social implications not only of severe episodes but also of
symptomatic episodes, taking into consideration that impact
of symptomatic hypoglycemia on the lives of people with
diabetes has been seldom investigated [17].

Furthermore, we investigated the role of the fear of
hypoglycemia, measured through a new short instrument,
as an explanatory variable associated with metabolic
control and quality of life; this issue was assessed in a few
studies [17] in spite of its importance in addressing
educational interventions.

Methods
Study design and participants

HYPOS-1 is an observational retrospective study involving
individuals with type 1 and type 2 diabetes (T1DM and

T2DM) routinely referred to diabetes outpatients clinics
(DOCs). Methods and part of results have been described
in previous publications [14—16]. Eligibility criteria were:
male or female gender, age > 18 years, diabetes diagnosis
at least 1 year before the recruitment in the study, un-
changed diabetes treatment for at least 1 year, signed
informed consent; the only exclusion criterion was the
incapability to fill in the study questionnaire according to
the investigator judgment.

Procedures

On the occasion of a routine visit, a sample of consecutive
cases was asked to fill in the study questionnaire. Sampling
was stratified to reflect the distribution of patients with
type TIDM and T2DM attending DOCs [18], i.e. 10% of
patients with TIDM2 and 90% of patients with T2DM;
T2DM patients were further stratified by classes of dia-
betes treatment (i.e. 60% treated with oral hypoglycemic
agent/GLP-1 receptor agonists (OHA), 15% treated with
OHA + insulin, 15% treated with insulin, and 10% treated
with lifestyle interventions only) [18].

The patient questionnaire investigated the experience
of severe hypoglycemia episodes in the past 12 months,
and experience of symptomatic hypoglycemia episodes in
the past 4 weeks. Severe hypoglycemia was defined as an
episode of hypoglycemia that led to unconsciousness or
requiring intervention of a third person; symptomatic
hypoglycemia was defined as onset of one or more
symptoms including palpitations, tremors, sweating, dif-
ficulty concentrating, dizziness, hunger, blurred vision,
sense of confusion, difficulty in movement, resolved with
the ingestion of sugar, food or sugary drinks. In addition,
the questionnaire investigated a large set of socio-
demographic and clinical characteristics (Table 1) and
included standardized instruments for the evaluation of
quality of life (QoL) dimensions, i.e:

- WHO-5 well-being index (WHO-5) to assess the psy-
chological well-being, a core component of overall
quality of life. It also represents a valid and reliable risk
assessment measure for mild, moderate and severe
depression. It includes 5 items with responses on a six-
point Likert scale. A score <50 indicates poor psycho-
logical well-being, a score < 28 indicates likely
depression [19,20].

Problem Areas in Diabetes -Short form (PAID-5) to
evaluate the diabetes related emotional distress, i.e.
specific worries and negative emotions related to dia-
betes. It includes 5 items with responses on a five-point
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Table 1 Patient characteristics according to the type of diabetes.

T1DM T2DM
N 206 2023
Socio-demographic characteristics
Male (%) 47.3 55.3
Age (years) 424 + 14.0 66.3 + 10.2
Employment status (%):
Employed 59.6 20.9
Unemployed 21.7 19.1
Retired 11.3 60.1
Students 7.4 0
Highest level of school education (%):
Primary school 8.3 40.3
Middle school 25.7 30.6
High school 47.6 22.8
University 18.5 6.3
Living status (%):
Spouse/sons 61.3 77.8
Alone 9.3 15.8
Other family members 235 43
Other 5.9 2.1
Marital status (%):
Not married 35.9 7.4
Married/cohabitant 56.8 75.2
Separated/divorced 5.3 43
Widower 19 13.1
Taking care of other people (%) 41.2 37.3
Clinical characteristics
Body mass index (Kg/m?) 249 4+ 4.1 29.7 £ 5.7
Duration of diabetes (years) 19.0 £+ 119 11.5 £ 8.9
Glycated Hemoglobin (%) 78 +1.2 71+12
Glomerular filtration rate < 60 mL/min (%) 6.3 25.6
Diabetes complications (%):
Cardiac/cerebrovascular 49 17.8
Lower limb complications 5.3 84
Retinopathy 30.6 21
Nephropathy 12.1 184
Sensory-motor neuropathy 8.0 11.9
Autonomic neuropathy 4.5 5.4
Neoplasms (%) 2.0 45
Self-monitoring of blood glucose (tests/week, N) 242 +13.2 6.9 +£ 83
Number of drugs other than glucose-lowering ones (N) 1.4+ 20 33+26
Antihypertensive treatments (%) 27.5 70.7
Angiotensin Converting Enzyme Inhibitors (%) 18 29.1
Beta-blockers (%) 6.8 24.6
Lipid-lowering treatments (%) 29.5 56.4
Hypoglycemia
Previous experience of severe hypoglycemia (before the last 12 months) (%) 38.8 10.0
At least one severe hypoglycemic episode in the past 12 months (%) 16.5 4.7
Mean number of severe hypoglycemic episodes in the past 12 months 0.5+ 1.7 0.1 +£0.7
At least one symptomatic hypoglycemic episode in the past 4 weeks (%) 78.6 28.1
Mean number of symptomatic hypoglycemic episodes in the past 4 weeks 45 + 6.7 0.8 £ 2.1
Education
% reporting has received practical guidance to recognize, prevent and manage hypoglycemia 91.7 71.0
Training on self-monitoring of blood glucose (%) 98.1 95.7
Having glucagon at home (%) 51.0 4.0
Likert scale. A score >40 indicates high diabetes-related - Fear of hypoglycemia questionnaire (FHQ): FHQ is a 6-
distress. The Italian version of PAID-5 was validated in item questionnaire with responses on a six-point Lik-
context of the BENCH-D study [20—22]. ert scale, developed and validated in T2DM in a previ-
- EuroQol questionnaire (EQ-5D) as a generic measure of ous study [17]. The validation was repeated even in this
health status [23,24]. The EQ-5D questionnaire includes study for both TIDM and T2DM. The FHQ questionnaire
a visual analog scale (EQ5D-VAS). The respondent self- showed good psychometric properties: the Cronbach
rates current health status on a thermometer-like alpha was equal to 0.87 in T1IDM and 0.90 in T2DM.
scale ranging from O (“worst imaginable health sta- - The score ranges from 0 to 100, and the higher the

tus”) to 100 (“best imaginable health status”). score, the greater the fear of hypoglycemia.
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Finally, information about patient hypoglycemia-
related behaviors were collected through the question-
naire. Specifically, we asked how often patients ate
something or drank sugary drink, checked their sugar
levels, reduced next glucose-lowering drug dose, did not
take next glucose-lowering drug dose, and increased
SMBG frequency in the subsequent days after a symp-
tomatic hypoglycemia. Responses were based on a 5-point
Likert scale (1 = never, 2 = seldom, 3 = sometimes;
4 = often; 5 = always).

Investigators filled in a web-based clinical record form
(eCRF) to collect clinical data (Table 1). Data was anony-
mous. Patients were identified by a unique ID number,
representing the key linkage to merge data from patient
questionnaires and eCRFs.

The study was approved by the local ethics committees
of all participating centers.

Statistical analysis

Patient characteristics and QoL scores and behavioral
items were expressed as mean and standard deviation
(SD) or proportion. Between-group differences in QoL
scores according to the previous experience of hypogly-
cemia were assessed through chi-square test for categori-
cal variables and Mann—Whitney U-test for continuous
variables. Differences were also expressed as effect sizes,
which were calculated by dividing the between group
difference in mean values of each QoL score by the SD of
that score estimated on the entire group. The generally
accepted benchmarks are 0.20 for a small effect size, 0.50
for a moderate effect size, and 0.80 for a large effect size
[25].

The whole sample was divided by tertiles of fear of
hypoglycemia score; HbAlc and mean QoL scores and
behavioral items were compared among the three groups
through the Kruskal—Wallis ANOVA test.

A multivariate analysis was finally performed to iden-
tify factors significantly associated with a higher likelihood
of being in the upper tertile of FHQ score.

P-values <0.05 were considered statistically significant.
All the analyses were performed using SAS Program
(Release 9.4, SAS Institute, Cary, NC, USA).

Role of the funding source

This was a non-profit study promoted by the Associazione
Medici Diabetologi (AMD) scientific society through a
Novo Nordisk S.p.A. unconditional grant. Novo Nordisk
S.p.A. did not influence and has not been involved in the
data interpretation and statistical analysis presented in the
manuscript.

Results

Overall, 18 DOCs enrolled 206 (9.2%) patients with T1DM
and 2023 (90.8%) patients with type 2 diabetes. Of patients
with T2DM, 202 (10.0%) were treated with lifestyle inter-
vention only, 1212 (59.9%) were treated with OHA, 306

(15.1%) with OHA + insulin and 303 (15.0%) with insulin
alone. Clinical and socio-demographic characteristics of
the study sample according to diabetes type are shown in
Table 1. Overall, 16.5% of patients with T1DM experienced
at least one severe hypoglycemic episode in the past 12
months (N = 33), while 78.6% of the sample reported at
least one symptomatic hypoglycemic episode in the past
four weeks (N = 162). Among patients with T2DM, 4.7%
experienced at least one severe hypoglycemic episode in
the past 12 months (N = 88), while 28.1% reported at least
one symptomatic hypoglycemic episode in the past four
weeks (N = 564).

Figure 1 shows quality of life scores by diabetes type
and by previous experience of severe or symptomatic hy-
poglycemia. In T1DM, statistically significant poorer scores
of EQ-5D VAS, WHO-5, PAID-5, and FHQ were found in
patients with vs. those without previous experience of
severe hypoglycemia, while no statistically significant
differences were found stratifying by symptomatic epi-
sodes. In T2DM, all QoL scores were significantly lower in
patients with vs. those without previous experience of
severe and symptomatic hypoglycemia. In terms of impact
of severe hypoglycemia, between-group differences in QoL
scores were associated with moderate/large effect sizes
both in TIDM and T2DM; for symptomatic hypoglycemia,
no effect sizes were evaluable in T1DM, while moderate
effect sizes were found in T2DM associated with the be-
tween group differences in WHO-5, PAID-5 and FHQ
scores.

The proportion of patients with high diabetes-related
distress (PAID-5 score >40) and likely depression (WHO-5
score < 28) was markedly higher in individuals with T1DM
with a previous experience of severe hypoglycemia as
compared to those without previous severe hypoglycemia
(69.7% vs. 43.8%, and 25.0% vs. 11.7%, respectively). Among
patients with T2DM, a previous experience of both severe
or symptomatic hypoglycemia was associated with
significantly higher proportions of patients with diabetes
related distress or likely depression (Fig. 2).

Table 2 shows the association between tertiles of FHQ
and mean levels of metabolic control and other QoL di-
mensions. Patients in the worst tertile of FHQ had poorer
metabolic control and lower scores of EQ-5D VAS and
WHO-5, and higher levels of PAID-5. Furthermore, the
table shows the increasing frequencies of corrective/
preventive actions that could negatively impact on
metabolic control moving from the first to the third ter-
tile of FHQ.

Table 3 shows that after adjustment for patient case
mix, some factors were independently associated with the
likelihood to be in the highest tertile of FHQ score: expe-
rience of at least one severe hypoglycemic episode in the
previous 12 months was associated with a twofold risk of
being in the third tertile and represented the strongest
correlate; having had a severe episode before the past 12
months or having had a symptomatic episode in the past 4
weeks were associated with an about 50% increased risk.
Furthermore, treatment with insulin increased the risk by
88% vs. treatment schemes not including insulin. Among



740

M.C. Rossi et al.

Severe hypoglycemia
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Effect Size:
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Symptomatic hypoglycemia
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0.28 0.39 0.43 0.70
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0
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0.24 0.40 0.39 0.43

Figure 1 Between-group differences in quality of life scales according to the experience of hypoglycemia.

socio-demographic characteristics, women showed a 26%
increased risk of being in the highest FHQ tertile compared
to men; the risk increased by 4% by each additional year of
age; patients with high school/university degree had a 27%
increased risk of being in the upper tertile of the FHQ score
vs. those with primary/middle school level.

Discussion

This analysis of the HYPOS-1 study shows two key findings:
first, not only severe hypoglycemia but also symptomatic
hypoglycemia has a negative impact on general health status,
psychological well-being, and fear of hypoglycemia, espe-
cially in T2DM. In T1DM, symptomatic episodes were re-
ported by the vast majority of participants (78.6% of the
patients reported at least one episode in the previous 4
weeks), thus suggesting that symptomatic episodes are very
common among these patients, who probably perceive mild
hypoglycemia as a normal occurrence they are able to
manage. However, despite statistical significance was not
reached, even patients with TIDM reporting at least one
episode of symptomatic hypoglycemia in the previous 4
weeks showed lower psychological well-being, higher dia-
betes related distress and higher fear of hypoglycemia as
compared to patients without symptomatic hypoglycemia.

Second, the HYPOS-1 study shows that fear of hypo-
glycemia is associated with poorer metabolic control,
higher diabetes-related distress levels, poorer psychologi-
cal well-being and general health status. It is also associ-
ated with corrective behaviors following hypoglycemia in
both diabetes types.

The second Diabetes Attitudes, Wishes and Needs
(DAWN2) study, which assessed psychosocial outcomes in
people with diabetes across 17 countries, found that propor-
tion with likely depression (WHO-5 score < 28) was 13.8%,
while high diabetes-related distress (PAID-5 score > 40) was
reported by 44.6% of participants (17.2—67.6%) [26]. The
BENCH-D study found that among people with type 2 dia-
betes, 15.0% had WHO-5 < 28 while 60.2% had PAID-5 >40
[27]. HYPOS-1 study shows that in people with type 1 dia-
betes severe hypoglycemia is associated with high distress in
70% of the cases, and with likely depression in 25% of the
cases, while no association with symptomatic hypoglycemia
was documented. On the other side, in people with type 2
diabetes both severe and symptomatic hypoglycemia are
associated with markedly higher proportions of patients
suffering from high distress or likely depression.

In the recent nine-country cross-sectional PANORAMA
study [11], worry about hypoglycemia emerged as a
frequent and relevant issue for type 2 diabetes, repre-
senting a barrier for therapy intensification and adherence
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Figure 2 Proportion of patients with high diabetes-related distress (PAID-5 score >40) and likely depression (WHO-5 < 28) by diabetes type and

experience of hypoglycemia.

with treatment. Lower mean scores of the EQ-VAS and EQ-
5D and higher fear of hypoglycemia score [31] associated
with hypoglycemia occurrence were found in previous
studies [28—30], as well as the risk of counterproductive
behaviors due to hypoglycemia [30], then suggesting the
need of incorporating screening for symptoms of hypo-
glycemia and fear of hypoglycemia into the routine health
assessment of all patients with diabetes [31]. In the
HYPOS-1 study, the fear of hypoglycemia was measured

through a new, short questionnaire, which could be easily
integrated in clinical practice for the regular monitoring of
this important parameter. Furthermore, characteristics of
patients more likely to have high levels of FHQ have been
identified: previous experience of severe or symptomatic
hypoglycemia, insulin treatment, female gender, older
age, and high school education level (i.e. being aware
about hypoglycemia) are the most important correlates for
FHQ.

Table 2 Mean HbA1c, quality of life scores, and behavioral items by tertiles of fear of hypoglycemia (FHQ) scores in type 1 and type 2 diabetes.

FHQ score p-value

1st tertile 2nd tertile 3rd tertile

0 0.1-25.0 >25.0
N 736 783 625
FHQ score 0 153 + 7.6 498 + 17.0 <0.0001
HbAlc 7.0 + 1.1 72 +1.2 73 +13 <0.0001
EQ-5D VAS 62.3 £+ 30.3 58.3 £ 294 47.2 +31.8 <0.0001
WHO-5 64.2 + 24.2 60.9 + 24.5 51.5 + 244 <0.0001
% with WHO-5 < 28 11.3 14.9 20.5 <0.0001
PAID-5 18.8 + 21.9 31.9 + 226 52.8 + 24.5 <0.0001
% with PAID-5 >40 13.8 28.6 67.5 <0.0001
% of patients who, after a symptomatic hypoglycemia:
Ate something or drank sugary drink 35+1.6 38+14 40+ 1.2 0.05
Checked their sugar levels 36+1.7 37+1.6 41+1.2 0.004
Reduced next antidiabetic drug dose 1.6 +1.2 1.8+ 1.2 23+15 <0.0001
Did not take next antidiabetic drug dose 1.2 +£038 14 +0.38 1.6 £ 1.1 <0.0001
Increased SMBG frequency in the days after 22 +1.6 25+ 14 3.0+ 1.5 <0.0001

Results are expressed as means and standard deviations.
*p values are based on Kruskal—Wallis test.

Abbreviations: QoL quality of life, FHQ Fear of hypoglycemia questionnaire, HbAlc Glycated Hemoglobin, EQ-5D VAS visual analog scale of
EuroQol questionnaire, WHO-5 WHO 5 well being index, PAID-5 Problem Areas in Diabetes 5, SMBG Self-monitoring of blood glucose.
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Table 3 Factors significantly associated with a higher likelihood of
being in the upper tertile of the fear of hypoglycemia questionnaire
(FHQ). Data are Odds Ratios with their 95%Confidence Intervals (OR
and 95%CI).

OR (95%CI)
Age 1.04 (1.00—1.09)
Previous experience of severe
hypoglycemia (before the last 12 months)
NO 1.00
YES 1.59 (1.18-2.14)

Experience of at least one severe

hypoglycemic episode in the past 12 months

NO 1.00

YES 2.17 (1.43-3.29)
Experience of at least one

symptomatic hypoglycemic episode

in the past 4 weeks

NO 1.00

YES 1.55 (1.24—1.95)
Gender

M 1.00

F 1.26 (1.03—1.55)
Glucose-lowering therapy

No Insulin 1.00

Insulin 1.88 (1.51-2.35)
School education

Primary/middle school 1.00

High school/university 1.27 (1.01-1.61)

Multivariate models (with backward selection) adjusted for age,
gender, diabetes duration, type of diabetes, insulin treatment,
presence of microvascular complications (retinopathy or nephrop-
athy), macrovascular complications (cardiac or cerebrovascular or
lower limb complications), neuropathic complications (sensory
motor and/or autonomic), school education (primary/middle school
vs. high school/university), living status (with spouse/sons vs.
alone/other), previous experience of severe hypoglycemia (before
the last 12 months), experience of at least one severe hypoglycemic
episode in the past 12 months, experience of at least one symp-
tomatic hypoglycemic episode in the past 4 weeks, having received
practical guidance to recognize, prevent and manage hypoglycemia,
number of drugs other than glucose-lowering ones.

The study has important implications, since it clearly
documents that even symptomatic episodes of hypogly-
cemia exert a negative effect on quality of life. These
findings are particularly important considering the
elevated frequency of such episodes, despite we docu-
mented a lower incidence as compared to the existing
literature. A recent meta-analysis of 46 studies
(n = 532,542) [32] conducted in Europe, USA, Asia, and
Australia showed that the rates for mild/moderate and
severe episodes in people with T2DM were 19 (95%CI 0.00,
51.08) and 0.80 (95%CI 0.00,2.15) per patient-year,
respectively, as compared to 9.3 (95%CI 8.8, 9.7) and 0.09
(95%CI 0.08, 0.11) in the HYPOS-1 study.

The study has strengths and limitations. The main
strength of the study was the opportunity to assess in a
largely representative population the impact of both se-
vere and symptomatic hypoglycemia on a large set of
patient-centered outcomes and to investigate the role of
the fear of hypoglycemia as outcome and as mediator.
Sampling of the study population was made to reflect as
much as possible the distribution of treatment groups
under routine clinical practice conditions. This allowed to

obtain quality of life scores truly representative of the
whole population of patients with TIDM and T2DM
attending diabetes clinics.

Main limitation is the cross-sectional design, which im-
plies the unavailability of information about cause-effect
relationship between fear of hypoglycemia and clinical and
QoL outcomes; in addition, the relatively small sample of
people with type 1 diabetes may have hidden statistical
significance of some comparisons. Furthermore, the defini-
tion of symptomatic hypoglycemia in the current paper was
based on symptoms, independently from the measurement
of blood glucose. A confirmation of hypoglycemia through
blood glucose measurement would have provided more
reliable information. However, SMBG is not common practice
among T2DM patients not treated with insulin, and some
patients may adopt compensative behaviors to counteract
hypoglycemic symptoms without a confirmation of the
actual blood glucose levels. Nevertheless, study results show
a strong correlation between symptomatic hypoglycemia
and worse quality of life/increased fear of hypoglycemia, thus
supporting the reliability of the definition applied.

In conclusion, both severe and symptomatic hypogly-
cemia negatively affect patient quality of life. Developing
educational programs targeted on reduction of fear of
hypoglycemia, in addition to effective and safe therapeutic
strategies, may represent a specific and effective inter-
vention to minimize the impact of hypoglycemia on the
lives of people with diabetes.

Funding

Unconditional grant from Novo Nordisk S.p.A., Italy.

Conflicts of interest

We declare no competing interests.

Author contributors

CG and AN conceived and designed the study. GL, MCR, AN
conducted the statistical analyses. MCR and CG wrote the
first version of the manuscript. CG, AO, SG, AA, AC, FB,
MMG, FR collected data. AO, SG, AA, AC, FB, MMG, FR
contributed to the discussion. CG is the guarantor of ac-
curacy and integrity of any part of the work.

Acknowledgments
AMD thanks the participants to the study, CORESEARCH

for the methodological and statistical support, and Novo
Nordisk S.p.A. for the unconditional grant for the study.

Appendix
HYPOS-1 Study Group of AMD

R. Fornengo — Chivasso (TO), E. Nada- Chieri (TO), A.
Ozzello - Pinerolo (TO).



Impact of severe and symptomatic hypoglycemia on quality of life and fear of hypoglycemia in type 1 and type 2 diabetes 743

L. Sciangula - Mariano Comense (CO), N. Musacchio -
Cusano Milanino (MI).

G. Marelli — Desio (MB), A. Corsi — Sanpierdarena (GE),
F.Baccetti — Massa (MS).

V. Paciotti - Avezzano (AQ), R. Iannarelli L'Aquila (AQ),
D. Antenucci — Lanciano (CH).

F. Chiaramonte — Roma, S.Leotta — Roma, S.Gentile-
Napoli, V.Armentano — Napoli.

F.M.Gentile — Rutigliano (BA), F. Mastinu — Oristano
(OR) and D. Cucinotta - Messina.

References

[1] Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl ]
Med 2008;359:1577—89. https://doi.org/10.1056/NEJM0a0806470.

[2] International Hypoglycaemia Study Group. Minimizing hypoglyce-
mia in diabetes. Diabetes Care 2015;38:1583—91. https:
//doi.org/10.2337/dc15-0279.

[3] Nordin C. The proarrhythmic effect of hypoglycemia: evidence for
increased risk from ischemia and bradycardia. Acta Diabetol 2014;
51:5—14. https://doi.org/10.1007/s00592-013-0528-0.

[4] Whitmer RA, Karter AJ, Yaffe K, Quesenberry Jr CP, Selby JV. Hy-

poglycemic episodes and risk of dementia in older patients with

type 2 diabetes mellitus. ] Am Med Assoc 2009;301:1565—72. https:

//doi.org/10.1001/jama.2009.460.

Pilotto A, Noale M, Maggi S, Addante F, Tiengo A, Perin PC, et al.

Hypoglycemia is independently associated with multidimensional

impairment in elderly diabetic patients. BioMed Res Int 2014;2014:

906103. https://doi.org/10.1155/2014/906103.

Bonds DE, Miller ME, Bergenstal RM, Buse ]B, Byington RP, Cutler JA,

et al. The association between symptomatic, severe hypoglycaemia

and mortality in type 2 diabetes: retrospective epidemiological
analysis of the ACCORD study. BM] 2010;8:b4909. https:

//doi.org/10.1136/bmj.b49009.

Barendse S, Singh H, Frier BM, Speight J. The impact of hypo-

glycaemia on quality of life and related patient-reported outcomes

in type 2 diabetes: a narrative review. Diabet Med 2012;29:

293-302. https://doi.org/10.1111/j.1464-5491.2011.03416.x.

Marchesini G, Veronese G, Forlani G, Forlani G, Ricciardi LM, Fabbri A,

et al. The management of severe hypoglycemia by the emergency

system: the HYPOTHESIS study. Nutr Metabol Cardiovasc Dis 2014;

24:1181-8. https://doi.org/10.1016/j.numecd.2014.05.012.

[9] Veronese G, Marchesini G, Forlani G, Saragoni S, Degli Esposti L,
Centis E, et al. Costs associated with emergency care and hospi-
talization for severe hypoglycemia. Nutr Metabol Cardiovasc Dis
2016;26:345—51. https://doi.org/10.1016/j.numecd.2016.01.007.

[10] Lundkvist ], Berne C, Bolinder B, Jonsson L. The economic and
quality of life impact of hypoglycemia. Eur ] Health Econ 2005;6:
197—-202. https://doi.org/10.1007/s10198-005-0276-3.

[11] Bradley C, Eschwége E, de Pablos-Velasco P, Parhofer KG, Simon D,
Vandenberghe H, et al. Predictors of quality of life and other
patient-reported outcomes in the PANORAMA multinational study
of people with type 2 diabetes. Diabetes Care 2018;41:267—76.
https://doi.org/10.2337/dc16-2655.

[12] Wild D, von Maltzahn R, Brohan E, Christensen T, Clauson P,
Gonder-Frederick L. A critical review of the literature on fear of
hypoglycemia in diabetes: implications for diabetes management
and patient education. Patient Educ Counsel 2007;68:10—-5. https:
//doi.org/10.1016/j.pec.2007.05.003.

[13] Johnson SR, Cooper MN, Davis EA, Jones TW. Hypoglycaemia, fear
of hypoglycaemia and quality of life in children with Type 1 dia-
betes and their parents. Diabet Med 2013;30:1126—31. https:
//doi.org/10.1111/dme.

[14] Giorda CB, Ozzello A, Gentile S, Corsi A, lannarelli R, Baccetti F,
et al. Incidence and correlates of hypoglycemia in type 2 diabetes.
The hypos-1 study. ] Diabetes Metab 2014;5:3.

[15] Giorda CB, Ozzello A, Gentile S, Aglialoro A, Chiambretti A,
Baccetti F, et al. Incidence and risk factors for severe and symp-
tomatic hypoglycemia in type 1 diabetes. Results of the HYPOS-1
study. Acta Diabetol 2015;52:84553. https:
//doi.org/10.1007/s00592-015-0713-4.

5

[6

[7

(8

[16] Giorda CB, Rossi MC, Ozzello O, Gentile S, Aglialoro A, Chiambretti A,
et al. Healthcare resource use, direct and indirect costs of hypogly-
cemia in type 1 and type 2 diabetes, and nationwide projections.
Results of the HYPOS-1 study. Nutr Metabol Cardiovasc Dis 2017;27:
209-16. https://doi.org/10.1016/j.numecd.2016.10.005.

[17] Nicolucci A, Pintaudi B, Rossi MC, Messina R, Dotta F, Frontoni S,
et al. The social burden of hypoglycemia in the elderly. Acta Diabetol
2015;52:677—85. https://doi.org/10.1007/s00592-015-0717-0.

[18] Rossi MC, Candido R, Ceriello A, Cimino A, Di Bartolo P, Giorda C,
et al. Trends over 8 years in quality of diabetes care: results of the
AMD Annals continuous quality improvement initiative. Acta Dia-
betol 2015;52:557—71. https://doi.org/10.1007/s00592-014-0688-6.

[19] Hajos TR, Pouwer F, Skovlund SE, Den Oudsten BL, Geelhoed-
Duijvestijn PH, Tack C], et al. Psychometric and screening prop-
erties of the WHO-5 well-being index in adult outpatients with
Type 1 or Type 2 diabetes mellitus. Diabet Med 2013;30:e63—9.
https://doi.org/10.1111/dme.12040.

[20] Nicolucci A, Rossi MC, Pellegrini F, Lucisano G, Pintaudi B, Gentile S,
et al. Benchmarking network for clinical and humanistic outcomes
in diabetes (BENCH-D) study: protocol, tools, and population.
SpringerPlus 2014;3:83. https://doi.org/10.1186/2193-1801-3-83.

[21] McGuire BE, Morrison TG, Hermanns N, Skovlund S, Eldrup E,
Gagliardino ], et al. Short-form measures of diabetes-related
emotional distress: the problem areas in diabetes scale (PAID)-5
and PAID-1. Diabetologia 2010;53:66—9. https:
//doi.org/10.1007/s00125-009-1559-5.

[22] Pintaudi B, Lucisano G, Gentile S, Bulotta A, Skovlund SE,
Vespasiani G, et al. Correlates of diabetes-related distress in type 2
diabetes: findings from the benchmarking network for clinical and
humanistic outcomes in diabetes (BENCH-D) study. ] Psychosom Res
2015;79:348—54. https://doi.org/10.1016/j.jpsychores.2015.08.010.

[23] EuroQoL Group. EuroQol — a new facility for the measurement of
health-related quality of life. Health Policy 1990;16:199—208.

[24] Genazzani AR, Nicolucci A, Campagnoli C, Crosignani P, Nappi C,
Serra GB, et al. Assessment of the QoL in Italian menopausal
women: comparison between HRT users and non-users. Maturitas
2002;42:267—-80.

[25] Samsa G, Edelman D, Rothman ML, Williams GR, Lipscomb ],
Matchar D. Determining clinically important differences in health
status measures: a general approach with illustration to the health
utilities index mark II. Pharmacoeconomics 1999;15:141-55.
https://doi.org/10.2165/00019053-199915020-00003.

[26] Nicolucci A, Kovacs Burns K, Holt RI, Comaschi M, Hermanns N,
Ishii H, et al. Diabetes attitudes, wishes and needs second study
(DAWN2 TM): cross-national benchmarking of diabetes-related
psychosocial outcomes for people with diabetes. Diabet Med
2013;30:767—77. https://doi.org/10.1111/dme.12245.

[27] Rossi MC, Lucisano G, Pintaudi B, Bulotta A, Gentile S, Scardapane M,
et al. The complex interplay between clinical and person-centered
diabetes outcomes in the two genders. Health Qual Life Outcomes
2017;15:41. https://doi.org/10.1186/s12955-017-0613-0.

[28] Sheu WH, Ji LN, Nitiyanant W, Baik SH, Yin D, Mavros P, et al. Hy-
poglycemia is associated with increased worry and lower quality of
life among patients with type 2 diabetes treated with oral anti-
hyperglycemic agents in the Asia-Pacific region. Diabetes Res Clin
Pract 2012;96:141-8. https://doi.org/10.1016/j.diabres.2011.12.027.

[29] Marrett E, Radican L, Davies MJ, Zhang Q. Assessment of severity
and frequency of self-reported hypoglycemia on quality of life in
patients with type 2 diabetes treated with oral antihyperglycemic
agents: a survey study. BMC Res Notes 2011;4:251. https:
//doi.org/10.1186/1756-0500-4-251.

[30] Williams SA, Shi L, Brenneman SK, Johnson ]JC, Wegner ]C,
Fonseca V. The burden of hypoglycemia on healthcare utilization,
costs, and quality of life among type 2 diabetes mellitus patients. ]
Diabet Complicat 2012;26:399—406. https:
//doi.org/10.1016/j.jdiacomp.2012.05.002.

[31] McCoy RG, Van Houten HK, Ziegenfuss JY, Shah ND, Wermers RA,
Smith SA. Self-report of hypoglycemia and health-related quality
of life in patients with type 1 and type 2 diabetes. Endocr Pract
2013;19:792—9. https://doi.org/10.4158/EP12382.0R.

[32] Edridge CL, Dunkley AJ, Bodicoat DH, Rose TC, Gray LJ, Davies M],
et al. Prevalence and incidence of hypoglycaemia in 532,542 people
with type 2 diabetes on oral therapies and insulin: a systematic
review and meta-analysis of population based studies. PLoS One
2015;10:e0126427. https://doi.org/10.1371/journal.pone.0126427.


https://doi.org/10.1056/NEJMoa0806470
https://doi.org/10.2337/dc15-0279
https://doi.org/10.2337/dc15-0279
https://doi.org/10.1007/s00592-013-0528-0
https://doi.org/10.1001/jama.2009.460
https://doi.org/10.1001/jama.2009.460
https://doi.org/10.1155/2014/906103
https://doi.org/10.1136/bmj.b4909
https://doi.org/10.1136/bmj.b4909
https://doi.org/10.1111/j.1464-5491.2011.03416.x
https://doi.org/10.1016/j.numecd.2014.05.012
https://doi.org/10.1016/j.numecd.2016.01.007
https://doi.org/10.1007/s10198-005-0276-3
https://doi.org/10.2337/dc16-2655
https://doi.org/10.1016/j.pec.2007.05.003
https://doi.org/10.1016/j.pec.2007.05.003
https://doi.org/10.1111/dme
https://doi.org/10.1111/dme
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref14
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref14
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref14
https://doi.org/10.1007/s00592-015-0713-4
https://doi.org/10.1007/s00592-015-0713-4
https://doi.org/10.1016/j.numecd.2016.10.005
https://doi.org/10.1007/s00592-015-0717-0
https://doi.org/10.1007/s00592-014-0688-6
https://doi.org/10.1111/dme.12040
https://doi.org/10.1186/2193-1801-3-83
https://doi.org/10.1007/s00125-009-1559-5
https://doi.org/10.1007/s00125-009-1559-5
https://doi.org/10.1016/j.jpsychores.2015.08.010
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref23
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref23
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref23
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref23
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref24
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref24
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref24
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref24
http://refhub.elsevier.com/S0939-4753(19)30126-7/sref24
https://doi.org/10.2165/00019053-199915020-00003
https://doi.org/10.1111/dme.12245
https://doi.org/10.1186/s12955-017-0613-0
https://doi.org/10.1016/j.diabres.2011.12.027
https://doi.org/10.1186/1756-0500-4-251
https://doi.org/10.1186/1756-0500-4-251
https://doi.org/10.1016/j.jdiacomp.2012.05.002
https://doi.org/10.1016/j.jdiacomp.2012.05.002
https://doi.org/10.4158/EP12382.OR
https://doi.org/10.1371/journal.pone.0126427

	Impact of severe and symptomatic hypoglycemia on quality of life and fear of hypoglycemia in type 1 and type 2 diabetes. Re ...
	Introduction
	Methods
	Study design and participants
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Funding
	Conflicts of interest
	Author contributors
	Acknowledgments
	HYPOS-1 Study Group of AMD

	References


