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ABSTRACT
Introduction: Hypoglycemia leading to hospitalization is associated with adverse economic
outcomes, although the real burden is
unknown. The HIPOS-WARD (Hypoglycemia In
Portugal Observational Study-Ward) aimed to
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Hospital Beatriz Ângelo, Loures, Portugal
J. Dores
Centro Hospitalar e Universitário Do Porto, Porto,
Portugal
L. Santos  A. S. Lages
Centro Hospitalar e Universitário de Coimbra,
Coimbra, Portugal
L. Santos
Faculdade de Medicina da Universidade de Coimbra,
Coimbra, Portugal
E. Pape
Hospital Garcia de Orta, Almada, Portugal

characterize ward admissions due to hypoglycemia episodes in treated patients with diabetes and assess their economic impact to the
National Health System.
Methods: Observational, cross-sectional study,
conducted in 16 Portuguese centers for
22 months. The applied microcosting approach
was based on healthcare resource data, collected
from patients’ charts upon ward admission
until discharge, and unitary costs from official/
public data sources. Absenteeism was also estimated for active workers on the basis of the
human capital approach.
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Results: Of the 176 patients with diabetes
mellitus enrolled, 86% had type 2 diabetes. Half
of the patients (50.0%) were on insulin-based
therapy, followed by 30.1% on a secretagoguebased regimen, 9.7% on non-secretagogue
therapy, and 10.2% on a combination of insulin
and secretagogue. Overall mean costs per
patient were medication, 45.45 €; laboratory
analysis, 218.14 €; examinations, 64.91 €;
physician and nurse time, 268.55 € and
673.39 €, respectively. Bed occupancy was the
main cost driver (772.09 €) and indirect cost
averaged 140.44 €. Overall, the cost per hypoglycemia episode leading to hospitalization
averaged 2042.52 € (range 194.76–16,762.87 €).
Patients treated with insulin-based regimens
(2267.76 €) and type 2 diabetes (2051.29 €) had
the highest mean costs. The mean cost
increased with repeated hypoglycemic events
(2191.67 €),
correlated
complications
(2109.26 €), and death (5253.38 €).
Conclusion: HIPOS-WARD’s findings confirm
and support both the substantial clinical and
economic impact of hospitalization due to
hypoglycemia in Portugal.
Keywords: Cost study; Diabetes
Hospitalization; Hypoglycemia

mellitus;

Key Summary Points
Hypoglycemia events related to
antidiabetic treatment are one of the most
frequent adverse events, and also expected
to be costly once they usually require
hospitalization. Therefore, there is general
concern when managing patients with
diabetes mellitus (DM) in terms of clinical,
humanistic, and economic aspects.
Knowledge on the real economic burden
of hypoglycemic events during DM
treatment is still scarce. Thus, this paper
aims to present the economic impact of
managing the hypoglycemic events
leading to hospitalization in the scope of
DM control.

For informing healthcare-related decisionmaking: this paper may highlight the
importance to guide the DM disease
management on the prevention of the
hypoglycemic event, aiming to
successfully reduce the costs associated
with hospital admissions.

INTRODUCTION
Uncontrolled diabetes mellitus (DM) is characterized by deviations in insulin secretion/action, affecting glucose metabolism with
important consequences for the patient’s overall health and quality of life. DM is a major
cause of cardiovascular events, being often
associated with premature death [1, 2]. Type 1
DM (DM1) is an autoimmune variation that
mostly affects the young, while type 2 DM
(DM2) is the most frequent subtype (90%),
commonly associated with unhealthy lifestyles
and genetic and socioeconomic factors [3].
There were an estimated 425 million cases of
DM worldwide in 2017, with an expected
increase up to 629 million by 2045 due to the
continuous rise in prevalence. The economic
healthcare burden incurred for patients with
DM expected for 2045 (USD 625 billion) was
already surpassed in 2017 (ca. USD 727 billion).
Therefore, DM is considered one of the main
public health issues, affecting both patients’
health and governments’ healthcare budgets
[3, 4].
To avoid micro- and macrovascular complications, international and national guidelines
usually recommend lowering hemoglobin A1c
(HbA1c) to less than 7.0% for most patients
with DM through lifestyle management and,
when necessary, pharmacological therapies
[5–7]. Hypoglycemia events are one of the most
frequent antidiabetic drug-related adverse
events [8, 9] and usually the most common
endocrine emergency leading to hospitalization
[10–14]. Consequentially, there is great concern
regarding the risk of hypoglycemia events
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during the metabolic control of patients with
DM1 and DM2.
In 2015, a prevalence of 13.3% and an incidence of 699.5/100,000 habitants were estimated
for patients with DM aged from 20 to 79 years in
Portugal. This disease was responsible for 4.0% of
all-cause deaths in that year. DM is a main cause
of hospitalization (16%), with a mean duration of
3.4 days (or 11.6 days, excluding day-care episodes), which is more than the average duration
of general hospitalization causes in the Portuguese National Health System (NHS) [15].
Despite the considerable and increasing
burden of DM for the NHS, national data on
hospital admissions due to hypoglycemia are
scarce, hindering successful disease management and prevention of adverse events.
HypoglycemIa in POrtugal Study (HIPOS) was
a sequence of three observational studies to
capture the overall panorama of hypoglycemia
events in Portugal in different settings of
healthcare assistance: ambulatory (HIPOSPHARMA) [16], emergency room (HIPOS-ER)
[17], and hospitalizations (HIPOS-WARD). Their
main objective was to assess the clinical characteristics of patients with DM enrolled by type of
admission, and the resource consumption and
corresponding costs were estimated as secondary
objectives. In HIPOS-PHARMA, the application
of a self-administered questionnaire investigated
patients’ awareness and knowledge about hypoglycemia and associated symptoms, in addition
to previous information provided by healthcare
professionals. In HIPOS-ER, patients’ characteristics and hypoglycemia episode data were collected in the scope of emergency department
attendance, leading or not to hospitalization.
The economic consequences of severe hypoglycemia episodes were demonstrated once
44.1% of enrolled patients were hospitalized,
with a mean cost of 2880 € per case [18].
Considering the well-recognized economic
impact of managing hypoglycemic events
leading to hospitalization, this manuscript
focuses on the economic data from HIPOSWARD, aiming to describe the resource consumption and calculating the overall direct and
indirect costs associated with hypoglycemic
events in patients with DM treated with antihyperglycemic agents (AHA) in a ward setting.

METHODS
Study Design and Patient Population
HIPOS-WARD was an observational, cross-sectional, nationwide study conducted between
November 2016 and August 2018. The study was
approved by the ethics committees of each participating center (Supplementary Material) and
by the National Committee for Data Protection.
All procedures were conducted in accordance
with the Declaration of Helsinki and the Good
Pharmacoepidemiology. All participants of the
study or their legally acceptable representative
signed an informed consent form, which
adhered to IRB/ERC requirements, applicable
laws and regulations, and sponsor requirements.
The hypoglycemia event was defined on the
basis of the modified Whipple’s triad (signs and
symptoms suggestive of hypoglycemia reverted
with carbohydrates or glucagon, and a blood
glucose level below 70 mg/dL measured by
venous, arterial, or capillary samples) [19]. The
hypoglycemic events were considered when they
occurred while the patient was already at the
hospital or admitted to the emergency room (ER)
as the primary reason, and led to hospitalization
(internal medicine or endocrinology wards).
Hospitalization is defined as a ward admission
period of at least 24 h from diagnosis [20].
Data Collection and Statistical Analysis
Socioeconomic and anthropometric data, diabetes characteristics (DM type, antidiabetic
treatment, comorbidities, and medical history),
and patients’ hypoglycemia literacy were collected by the study investigator through a
specific questionnaire at ward admission. Data
on hospitalized hypoglycemia episodes, such as
characterization, evaluation, and resource consumption, were collected from patients’ clinical
records from the ward admission to discharge or
until death. These data included the length of
stay, time spent by the physician and nurse (per
day), administered drugs, laboratory tests, and
examinations performed during hospitalization
period. Since data collection was mainly based
on hospital database, absenteeism was
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estimated in an exploratory manner and is
presented separately from main analysis.
As defined per protocol AHA subgroups are
(a) insulin based when treated with insulin as
monotherapy; (b) secretagogue based when
treated with sulfonylurea and/or meglitinides;
(c) non-secretagogue based when treated with
other drugs such as metformin, acarbose, glitazones, dipeptidyl peptidase 4 (DPP4) inhibitors,
glucagon-like peptide 1 (GLP1) agonists,
sodium/glucose cotransporter 2 (SGLT2) inhibitors); and (d) combined therapy group if both
insulin and secretagogue therapy are used in
association. Table S1 (Supplementary Material)
describes the study procedures per visit and
inclusion/exclusion criteria.
Data discrepancies were replaced with uniformized mean data from other enrolled
patients (excluding outliers), or by considering
label information (posology) and pharmacologic plausibility. Very poor registries, associated with huge uncertainty, were unconsidered.
Regarding direct costs, only those supported by
the NHS were assessed.
Qualitative variables are summarized as
counts (n) and percentages (%), while quantitative variables are summarized as mean, median, standard deviation (SD), and range
(minimum and maximum), considering a significance level of 5%. Statistical analysis was
carried out with SASÒ version 9.4 (SAS Institute
Inc., Cary, NC, USA; 2014).
Cost Calculations
A microcosting approach was used to identify
the complete cost structure of managing a
hypoglycemic episode in the ward considering
patient-level data on resources consumption
and unitary costs (in euros, 2018), extracted
from Portuguese official/public sources. Products of unitary costs and resource consumption were summed to estimate the total cost
per category. Overall cost for hospitalization
due to hypoglycemia episodes included direct
medical cost (e.g., drugs, laboratory tests,
examinations, healthcare professional fees)
and non-medical costs (e.g., bed occupancy
cost). The time spent by physician/nurse to

manage hypoglycemic episodes was multiplied by the hourly rates from official yearly
income tables of local syndicates: €20.87 and
€13.35 for physicians and nurses, respectively
[21, 22].
For medication cost, the acquisition prices
from public hospitals’ contracts or, if not
available, the corresponding reimbursement
percentage of outpatient prices supported by
the Portuguese NHS were used as a proxy
[23, 24]. Whenever several brands were available for the same medication, the less costly
for the most suitable presentation was
considered.
The cost of laboratory analysis/other examinations was estimated by multiplying the
number of examinations performed by the
corresponding unitary cost from the DiagnosisRelated Groups (DRG) prices table published by
the local authorities [25].
Standardized occupancy cost was calculated
by subtracting the medical direct cost from the
total cost of bed occupancy per hospital unit
published on the 2009 Accountancy Portuguese
Hospitals database [26]. This approach assumes
that resulting costs correspond to the administrative services and maintenance of bed occupancy attributed to patient admission (i.e.,
laundry; meals, etc.). The resulting cost was
then divided by the average number of days of
occupancy registered in the database and multiplied by the length of stay of each episode per
ward unit. Whenever a patient was hospitalized
in more than one department/unit, costs were
summed up considering the time spent on each
department.
Absenteeism was considered from ER admission, hospital and home stay post-discharge for
both patients and caregivers, as patients with
DM are mostly retired and require the assistance
of family members [17, 18].
Indirect cost was calculated on the basis of
the human capital approach, which was applied
considering productivity loss of active workers
and the official Portuguese wage tables by gender and age group from the National Institute of
Statistics [27]. To estimate the daily labor costs
for employers, the monthly net wages from the
private sector were grossed up by the social
security contributions and income taxes. The
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Portuguese standard vacation and Christmas
bonus monthly pay were also taken into consideration, while weekends and official holidays
were excluded [28]. This was then multiplied by
the number of absent days due to hypoglycemia
episodes reported from ER attendance to the
post hospitalization period. As a conservative
approach, no productivity loss cost was attributed to life years lost for the only active worker
that died.
Finally, to explore beyond the data collected,
and despite the loss in statistically robustness
due to a smaller sample size, subgroup analyses
were performed, namely costs per gender and
age groups; per DM type; and per AHA group.
The hypothesis that patients previously exposed
to a hypoglycemic event would have higher
costs in the subsequent episode was also tested
by comparing the cost of the current event of
this subpopulation versus the cost of patients
who had never experienced such an event. The
previous episode cost was not included.

RESULTS
A total of 176 patients were enrolled from 18
wards of 16 public hospitals integrated in the
NHS in Portugal.

was 45.70 (range 9.00–298.00). Most of the
patients had at least one complication due to
DM at baseline: 50% of patients had eye complications, 26.1% had neuropathy, and 47.4%
had nephropathy. Patients’ clinical characterization, also per subgroup, will be published
elsewhere.
Hypoglycemic Event Characterization
Fifty-eight patients confirmed having experienced hypoglycemia events in the previous
12 months, of which 38 occurred in the last
30 days, 21 resulted in therapy changes, and 10
led to hospitalization. Hypoglycemia was the
main cause of hospitalization (71.4% of
patients) with internal medicine being the most
common ward unit at which patients were
admitted (87.4%). A median of 2.0 recurrent
hypoglycemic episodes occurred for 36.0% of
patients during hospitalization. Although none
of these led to further complications, 23
patients (13.1%) were transferred to another
ward unit. After discharge, most patients
returned home (64.2%) and 8 patients (4.5%)
died. Table 1 summarizes patient, disease, and
hypoglycemic event characteristics.
Healthcare Resource Consumption

Sociodemographic and Disease
Characteristics
Mean patient age was approximately 72 years
(range 28–98 years) and 55.1% of the patients
were female. Around half of the patients were
married (56.6%) and most patients were retired
(73.1%). Only 16 patients (9.2%) were active
workers, 8.6% being in full-time work and 0.6%
in part-time work.
Type 2 was the most frequent DM type
(86.4%), followed by DM1 (10.2%). At study
inclusion, half of the patients (50.0%) were on
insulin-based therapy, 30.1% on a secretagoguebased regimen, 9.7% on non-secretagogue drugbased therapy, and 10.2% on a combination of
insulin and secretagogue. At ward admission, or
at the previous ER triage (when no data available), the HbA1c mean value was 7.3% (range
4.0–27.0%) and the lowest value of glycemia

During hospitalization, almost all patients
(92%) required at least one drug/IV solution,
with the most frequent being NaCl 0.9%
(45.7%) and insulin (31.5%). Examinations and
laboratory analyses were performed on 80.1%
and 99.4% of patients, respectively. The most
commonly performed examinations were the
electrocardiogram (EGC) and the simple X-ray,
while the capillary glycemia was the most frequent assessment per patient (median of 27
times). On average, patients spent 13.3 h in the
ER department and 9.2 days in the ward
department, including the average of 4.3 days
in the secondary ward unit, when necessary.
Regarding medical time of assistance, physicians and nurses spent on average 12.3 h and
49.5 h
monitoring
patients’
evaluation,
respectively.
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Table 1 Baseline characteristics of patients with DM and main hypoglycemic episode leading to hospitalization
Total (n = 176)
Age, years
Mean (SD; [Min–Max])

72.24 (13.73; [28–98])

Age group distribution, n (%) (years old)
28–45

10 (5.7)

46–64

33 (18.8)

65?

133 (75.6)

Female, n (%)

97 (55.1)

Marital status, n (%)
Single

25 (15.1)

Married/consensual union

94 (56.6)

Divorced

9 (5.4)

Widowed

38 (22.9)

Current work status, n (%)
Actively working (full time/partial time)

15 (8.6)/1 (0.6)

Retired/disability pension or permanent disability

128 (73.1)

Not working/unemployed

26 (14.9)

Housemaid

4 (2.3)

Student

1 (0.6)

Diabetes type, n (%)
DM type 1

18 (10.2)

DM type 2

152 (86.4)

Gestational
Other diabetes type

0
a

6 (3.4)

Current treatment, n (%)
Insulin-based therapy

88 (50.0)

Secretagogue-based therapy

53 (30.1)

Non-secretagogue drug-based therapy

17 (9.7)

Combination of insulin and secretagogue
Chronic diabetes complications, n (%)

18 (10.2)

b

Eye complications

63 (50.0)

Neuropathy

29 (26.1)

Nephropathy

74 (47.4)

Lower limb complications

24 (15.9)
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Table 1 continued
Total (n = 176)
Known atherosclerotic disease
Previous hypoglycemia in the last 12 months, n (%)

66 (47.8)
58 (47.5)

Episode led to hospitalization

10 (17.9)

Episode led to therapy changes

21 (46.7)

Previous episode of hypoglycemia occurred in the last 30 calendar days

38 (70.4)

Complications due to hypoglycemia, n (%)b

26 (14.9)

Major trauma

3 (11.5)

Acute atherosclerotic event

1 (3.8)

Other CV event

4 (15.4)

Neurologic

6 (23.1)

Infection

6 (23.1)

Otherc

9 (34.6)

HbA1c at ward (or ER if ward value not available) (%)
Mean (SD; [Min–Max])

7.3 (2.54; [4.0–27.0])

Lowest glycemia at ER admission or pre-hospital assistance (mg/dL)
Mean (SD; [Min–Max])

45.70 (33.75; [9.00–298.00])

Lowest glycemia in the ward (mg/dL)
Mean (SD; [Min–Max])

77.50 (40.28 [20.00–268.00])

Hypoglycemia the main drive for ward admission, n (%)

125 (71.4)

Repeated hypoglycemia during hospitalization, n (%)

63 (36.0)

No. of episodes while hospitalized (median)

2.00

Discharge destination, n (%)
Home

113 (64.2)

Institution

30 (17.0)

Ambulatory

24 (13.6)

Other hospital

1 (0.6)

Death

8 (4.5)

ER emergency room, DM diabetes mellitus, CV cardiovascular disease, GP general practitioner, Hb hemoglobin, Max
maximum, Min minimum, n absolute number, SD standard deviation
a
Other diabetes type includes diabetes being acquired after surgery, post pancreatectomy, secondary, and secondary to
pancreatitis
b
Each patient can register more than one complication
c
Other complications include altered mental status, minor trauma, obnubilation, accident during driving, obnubilation,
and sweating
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Eighty-one percent (n = 13) of the 16 active
workers patients reported work absence. These
patients had a mean age of 49 years (range
28–74 years), 77% were male and belonged to
the insulin-based therapy group. A mean of 3.08
absent days was observed from ER admission to
ward admission (range 0–19 days) and 8.77 days
from ward admission to discharge (range
1–31 days). Family members’ absenteeism was
considered underreported (only 1 case was registered) and was thus excluded from the analysis
as outlier. Healthcare resource consumption is
summarized in Table 2.
Direct Costs per Hospitalization Episode
Most patients (n = 162; 92%) had medication
costs and a mean of 5.70 drugs/patient was
administered. Per episode, the average medications cost was 45.45 € (maximum 704.58 €),
218.14 € was spent on laboratory analyses
(maximum 1720.43 €), and 64.91 € on examinations (maximum 355.17 €). The mean cost
per episode associated with physician and nurse
attendance was 268.55 € (maximum 8403.83 €)
and 673.39 € (maximum 5843.60 €), respectively. The mean standardized occupancy cost
was 772.09 € per episode (maximum 5708.56 €).
On average, the total direct cost per episode was
2042.52 €, ranging from 1551.47 € in the secretagogue-based therapy group to 2267.76 € in the
insulin-based group.
Indirect Costs Due to Absenteeism
Assuming a null indirect cost for all non-active
workers, a mean wage/day of 117.24 € was estimated by the human capital approach, resulting
in an average indirect cost of 140.44 € (maximum 6296.26 €). This cost increases to
1901.31 € when considering only the subset of
patients reporting work absence (13 of 16).
Since there was only one case of family member
absenteeism, related to an 82-year-old female
patient, it was not included as part of the general analysis. This case would have accounted
for 3 days of work absence and a total cost of
291.05 €.

Total Cost
Overall, the hospitalized hypoglycemic episode
cost averaged 2042.52 € (range 194.76–
16,762.87 €) from the NHS perspective, which
corresponds to the total direct costs. Regarding
the distribution by categories, time spent by
healthcare professionals (both physicians and
nurses) was the main driver representing 46.1%
of the total cost per episode. The standardized
occupancy cost accounted for 37.8%; laboratory
tests and other examinations represented
13.9%; and drugs represented 2.2% of the total
cost. The breakdown of the mean cost per
resource type component and the mean cost per
episode are presented in Table 3 and Fig. 1,
respectively. Overall mean cost per episode is
displayed at Fig. 2.
Costs per Gender and Age Group
The average costs were lower for patients aged
at least 65 years old (1937.54 €, [194.76–
16,762.87 €]) vs. 2277.13 €, [278.07–9234.44 €]
for those aged less than 65 years old, and higher
for male patients (2260.82 €) than female
patients (1827.07 €).
Costs per DM Type and AHA Therapy
Group
Patients with DM2 showed a higher average cost
per episode (2051.29 €) in comparison with
patients with DM1 (1840.90 €), but lower than
other diabetes types (2426.27 €). Insulin-based
therapy was the AHA therapy class with the
highest average total cost (2267.76 € per episode), having an additional cost of 716.30 €
(? 46.2%) when compared to the least costly,
the secretagogue-based regimen (1551.47 €). On
the other hand, the mean cost attributed to
patients receiving insulin-based therapy is very
close to the mean cost estimated for the nonsecretagogue group (2191.33 €) and combined
therapy group (2246.65 €). The breakdown of
cost per resource type is presented per DM type
and per therapy regimen in Tables 3 and 4,
respectively.
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Table 2 Health resources used in hospital treatment of DM patient with hypoglycemic episode
Total (n = 176)
Patients with administration of medications, n (%)

162 (92.0)

No. of medications/patient
Mean (SD; [Min–Max])

5.70 (5.71 [1.0–49.0])

Most frequent medications
NaCl 0.9%

74 (45.7%)

Insulin

51 (31.5%)

Dextrose 5%

47 (29.0%)

Patients undergoing laboratory analyses, n (%)

175 (99.4)

No. of laboratory analyses/patient
Mean (SD; [Min–Max])
Patients undergoing examinations, n (%)

57.91 (57.08 [0.0–439.0])
141 (80.1)

No. of examinations/patient
Mean (SD; [Min–Max])

2.69 (1.37; [0.0–7.0])

Nursing care time (h)
Mean (SD; [Min–Max])

49.5 (72.23; [1.0–629.5)

Physician care time (h)
Mean (SD; [Min–Max])

12.32 (28.28; [0.3–280.0])

Time in the ER department (h)
Mean (SD; [Min–Max])

13.27 (13.17; [0.3–99.2])

Time in the ward department (h)
Mean (SD; [Min–Max])

220.19 (259.58; [1.5–1782.3])

Ward type, n (%)
Internal medicine

153 (87.4)

Endocrinology

16 (9.1)

Other

a

Transferred to another wards/units, n (%)

6 (3.4)
23 (13.1)

Hospitalization length (days)
Overall ward, mean (SD; [Min–Max])

9.2 (10.75; [0.6–74.26])

Other ward, mean (SD; [Min–Max])

4.26 (5.05; [1.0–25])

Absenteeism, n (%)

13 (7.4)

Absent days from ER until ward admission (mean, SD)

3.08 (5.48; [0–19])

Absent days from ward admission until discharge (mean, SD)

8.77 (8.32 [1–31])

Absenteeism after discharge, n (%)

2 (15.4)

Family member absenteeism, n (%)

1 (0.9)

ER emergency room, DM diabetes mellitus, Max maximum, Min minimum, n absolute number, SD standard deviation
a
Other ward types include emergency room, emergency room (clinical decision area), intensive care unit, medical-surgical
inpatient unit, urology
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Impact of Complications of Hypoglycemia
Event on Costs
The average costs per patient with a previous
hypoglycemic episode in the previous
12 months (n = 58) and in the last 30 days
(n = 38) were 1576.82 € and 1495.47 €, respectively. These costs are approximately 25% lower
than the overall average (2042.52 €). The average costs increased to 2191.67 € in patients with
repeated hypoglycemic events during hospitalization, to 2109.26 € in the group that recovered
with complications, and up to 5253.38 € in
patients whose discharge destination was registered as death.

DISCUSSION
Hypoglycemia episodes are still a relevant concern when managing patients with DM in terms
of clinical, humanistic, and economic aspects.
The HIPOS-WARD study demonstrates the economic impact of hospitalizations due to hypoglycemia among people with DM in Portugal.
From the NHS perspective, the average cost of a
hospitalization due to hypoglycemia episode
was estimated as 2042.52 €, regardless the DM
type or ongoing therapy. The main cost driver
was the time spent by healthcare professionals
(both physicians and nurses), representing
about 46.1% of the total cost per episode.
Although it was not the most costly subgroup,
the greater percentage of older patients (at least
65 years of age, 75.5%) and its extensive variability of cost may have been influenced by the
overall average result. This could be also a
confounding factor in the gender-specific analysis, since 84% of the female group were at least
65 years old. Thus, the median of costs is a more
reliable parameter for an age-stratified analysis,
being closer between both age groups
(1391.60 € for patients less than 65 years old vs.
1469.73 € for those at least 65 years old).
Reviriego et al. [29] described a similar study,
based on a retrospective review of patient charts
from 100 patients with DM1 treated with insulin-based therapy. In that study, data were collected for patient characterization, resource
usage, and correlated specific costs incurred by

three Spanish hospitals. The average hospitalization cost was estimated as 183 € (223.31 €,
inflated to 2018), including the preliminary ER
visit and all inpatient treatments. Although
hospitalizations were the main driver cost,
accounting for 50% of the total cost of treating
a hypoglycemic event, the results should be
carefully interpreted as only 7% of cases
required hospitalization. A Japanese study performed by Ikeda et al. [30] had estimated a
mean hospitalization cost of 385,149 JPY (as
proxy, 3176.35 € in 2018) for DM2 inpatients
whose main cause of hospitalization was severe
hypoglycemia using the receipt costs of each
resource from public insurance databases, rather
than DRG code costs (as performed in this
study). This corresponded to 74.2% of the total
cost, which is even higher than presented by
Reviriego et al. [29].
In the USA, Liu et al. [31, 32] followed a
microcosting approach, but based on resource
consumption and associated payment costs
from the private health insurance Truven MarketScan database, which covers approximately
33 million commercially insured population.
Data from 2010 to 2015 were used to estimate a
hypoglycemia-related hospitalization cost of
3551 USD (as proxy, 3273.70 € in 2018) for
inpatients with DM1 using basal-bolus insulin
regimen; 5802 USD for inpatients with DM2
using basal-bolus insulin and 6896 USD for
inpatients with DM2 using basal insulin
(equivalent to 5348.92 € and 6357.49 € in 2018,
respectively). Patient enrollment was based on
age (at least 18 years old), DM diagnosis code
(ICD-9), insulin regime registries, and time
since plan acquisition. Several clinical characteristics (e.g., HbA1c, body mass index, renal
function, comorbid conditions, etc.) were not
assessed or described, which may have resulted
in selection bias. In 2011, Quilliam et al. [33]
conducted a similar study based on the Medstat
MarketScan database, which compiles data on
69 million Americans. All payments for patients
with DM2 made to the provider, including
copayments, coinsurance, and deductibles,
were captured for cost estimations.
For inpatients, mean cost of hypoglycemia
admissions was 17,564.25 USD (17,825.48 € in
2018), including the cost of the ER visit that led
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Table 3 Average cost of hypoglycemic episode leading to hospitalization of overall sample and according to diabetes type
subgroups (euros, 2018)
Costs

Overall

DM1 (n = 18)

DM2 (n = 152)

Other DM types (n = 6)

Mean (SD)

€ 45.45 (76.43)

€15.19 (21.67)

€ 49.45 (80.72)

€ 34.68 (46.56)

Range

€ 0.00–704.58

€ 0.0–93.8

€ 0.0–704.58

€ 0.0–118.89

Medications

Physician attendance
Mean (SD)

€ 268.55 (607.50)

€ 483.68 (1053.53)

€ 246.22 (544.23)

€188.87 (95.21)

Range

€ 6.96–5843.60

€ 41.74–4542.36

€ 6.96–5843.60

€ 97.39–344.36

Mean (SD)

€ 673.39 (976.03)

€ 474.78 (677.19)

€ 693.06 (983.93)

€ 771.11 (1542.90)

Range

€ 13.35–8403.83

€ 70.09–2905.63

€ 13.35–8403.83

€ 73.43–3918.23

Nurse attendance

Laboratory analyses
Mean (SD)

€ 218.14 (224.76)

€ 176.51 (121.51)

€ 219.21 (218.30)

€ 316.03 (188.93)

Range

€ 0.00–1720.43

€ 26.10–450.90

€ 0.00–1720.43

€ 59.30–570.00

Mean (SD)

€ 64.91 (77.01)

€ 79.74 (90.65)

€ 61.45 (72.30)

€ 107.86 (135.63)

Range

€ 0.00–355.17

€ 0.0–341.20

€ 0.0–289.32

€ 0.00–355.17

Examinations

Standardized bed occupancy
Mean (SD)

€ 772.09 (844.17)

€ 610.60 (524.81)

€ 781.91 (876.59)

€ 1007.72 (797.60)

Range

€ 0.00–5708.56

€ 0.00–1757.81

€ 3.33–5708.56

€ 110.39–2460.85

Mean (SD)

€ 140.44 (718.96)

€ 768.02 (1488.13)

€ 39.05 (371.72)

€ 826.11 (2023.54)

Range

€ 0.00–6296.26

€ 0.00–6296.26

€ 0.00–4286.82

€ 0.00–4956.63

Absenteeism

Cost/episode (direct costs only)
Mean (SD)

€ 2042.52 (2151.84)

€ 1840.49 (2100.63)

€ 2051.29 (2154.69)

€ 2426.27 (2554.55)

Range

€ 194.76–16,762.87

€ 273.61–9234.55

€ 194.76–16,762.87

€ 467.59–7519.41

Exploratory
Indirect cost/episode
Mean (SD)

€ 140.44 (718.96)

€ 768.02 (1488.13)

€ 39.05 (371.72)

€ 826.11 (2023.54)

Range

€ 0.00–6296.26

€ 0.00–6296.26

€ 0.00–4286.82

€ 0.00–4956.63

DM diabetes mellitus, n absolute number, SD standard deviation
to the hospitalization. The clear difference
between both studies could be due to the population selected: the whole DM2 population

covered by Liu et al. was under insulin-based
therapy and most of them were aged at least
65 years old with at least one comorbidity,
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Fig. 1 Components of the mean cost per hypoglycemic episode leading to hospitalization according to AHA therapy in
course; percentage of total cost and mean cost (euros, 2018). AHA antihyperglycemic agent, DM diabetes mellitus
whereas of those in Quilliam’s study, only 6%
received insulin and 0.1% patients with DM2
were at least 65 years old. Patients’ comorbidities were not described, which may have a significant clinical and economic impact.
Additionally, the exact structure of costs compiled was not described in either study nor was
the year of USD quoted in Liu et al.’s study,
making it challenging to confirm the correlation. Alternative study designs, such as literature reviews [34, 35], physicians’ surveys [36] or
patients’ surveys [37], or those based on general
DM
hospitalization
DRG
code
costs
[34, 35, 38, 39], have limited comparability with
the HIPOS-WARD study, as a cross-sectional
microcosting approach.
Several studies are exclusively populationbased (DM type, therapy specific, etc.) and
focused on specific spheres of care (self-care for
non-severe episodes or hospital care for severe

episodes), making the analysis less generalizable. Additionally, most studies presented the
cost per year, not per episode, and, in some of
them [30–32], the year of quotation was not
presented. Therefore, to project the cost to
euros in 2018, the last year of data collection
described was assumed as the currency year.
Finally, hospitalization costs usually appear as a
fraction of the total cost, mostly based on diabetes with complications rather than specific for
hypoglycemic events, which compromised
comparison with our analysis. Despite all the
differences in health services and the costing
methodologies used, overall conclusions are
qualitatively similar, confirming the significant
clinical and economic burden of the drug-related hypoglycemia events to the healthcare
system. In the HIPOS-ER study [18], the mean
hospitalization cost was estimated as 2880 €
(2981.22 € in 2018) for patients whose
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Fig. 2 Mean cost per hypoglycemic episode leading to hospitalization for the overall sample of patients with DM, regardless
of therapy regimen or DM type. DM diabetes mellitus
hypoglycemia episode led to hospitalization
after ER attendance (44.1%).
However, there are also methodological differences compared to HIPOS-WARD. First, in
the ER analysis, only patients with DM2 over
40 years old (average 76 years) were included
and, since the ER cost was the primary objective, hospitalization was only part of the total
cost. Moreover, the ER initial visit cost was
exceptionally included in the HIPOS-ER estimate and hospitalization cost was limited to the
daily costs from the Hospitals Accountability
Report per ward unit, which is the source used
only for the bed occupancy in the HIPOSWARD microcosting analysis, thereby hindering a direct correlation. Thus, when limiting
HIPOS-WARD data to the disease type and age
group as in HIPOS-ER, an average total cost of
2224.77 € is achieved, which was close but still
probably affected by differences in the
methodology (microcosting vs. disease-unspecific database).
On the other hand, the official Portuguese
datasource for hospital reimbursement (Portaria

254/2018) [25] corroborates the costs estimated
in the HIPOS-WARD study. This source provides
the mean hospitalization cost and mean duration of diabetes DRG codes per grade [1–4],
regardless of DM type, therapy, or hospitalization cause. The mean duration of 9.2 days in the
primary ward and the mean direct cost of
2042.52 €, from our microcosting approach,
could be directly compared to the diabetes DGR
tariff for grade 3 episode, for which the mean
duration (10.88 days) and the average cost
(2377.77 €) are both slightly higher. As expected, the mean hypoglycemic hospitalization
cost obtained in HIPOS-WARD is much higher
than the International Diabetes Federation
(IDF) estimated mean diabetes-related expenditure per person in Portugal (i.e., approximately
1694 €, when inflected to 2018) [40] and to the
public expenditure on healthcare per capita in
Portugal (i.e., approximately €1740 by World
Health Organization (WHO)’s estimate adjusted
for purchasing power parity, 2014).
Absenteeism-related costs due to hospitalization summed only 140.44 € on average,
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Table 4 Average cost of hypoglycemic episode leading to hospitalization according to AHA therapy class (euro, 2018)
Insulin (n = 88)

Secretagogue
(n = 53)

Non-secretagogue
(n = 17)

Insulin 1 secretagogue
(n = 18)

Mean
(SD)

€ 46.76 (85.18)

€ 47.57 (78.75)

€ 28.23 (29.16)

€ 49.03 (53.86)

Range

€ 0.00–704.58

€ 0.00–401.49

€ 0.00–103.62

€ 3.16–182.47

Medications

Physician attendance
Mean
(SD)

€ 286.74 (554.71)

€ 157.48 (241.58)

€ 571.55 (1414.12)

€ 220.49 (171.23)

Range

€ 6.96–4542.36

€ 20.87–1398.29

€ 48.70–5843.60

€ 31.31–542.62

Nurse attendance
Mean
(SD)

€ 755.71 (1188.39) € 551.54 (585.02)

€ 537.99 (952.02)

€ 757.64 (756.21)

Range

€ 22.70–8403.83

€ 13.35–2316.23

€ 41.39–3844.80

€ 93.45–3424.28

Laboratory analyses
Mean
(SD)

€ 248.36 (270.85)

€ 176.46 (169.95)

€ 189.68 (153.25)

€ 219.98 (152.29)

Range

€ 26.10–1720.43

€ 14.00–899.77

€ 0.00–513.40

€ 0.00–578.32

Mean
(SD)

€ 76.30 (78.99)

€ 48.31 (72.84)

€ 67.40 (76.75)

€ 55.71 (75.60)

Range

€ 0.00–355.17

€ 0.00–289.32

€ 0.00–247.05

€ 0.00–288.11

Examinations

Standardized bed occupancy
Mean
(SD)

€ 853.89 (915.98)

€ 570.11 (527.30)

€ 796.48 (729.61)

€ 943.80 (1223.49)

Range

€ 0.00–5708.56

€ 62.30–1934.46

€ 111.19–2994.73

€ 110.02–5072.51

Mean
(SD)

280.88 (999.93)

€ 0 (0)

€ 0 (0)

€ 0 (0)

Range

€ 0–6296.26

€ 0–0

€ 0 (0)

€ 0 (0)

Absenteeism

Cost/episode (direct cost only)
Mean (SD)

€ 2267.76
(2464.21)

€ 1551.47 (1398.11)

€ 2191.33 (2572.01)

€ 2246.65 (1817.7)

Range

€ 194.76–1676.87

€ 216.43–6053.24

€ 342.71–10,565.81

€ 382.13–7468.67

Exploratory
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Table 4 continued
Insulin (n = 88)

Secretagogue
(n = 53)

Non-secretagogue
(n = 17)

Insulin 1 secretagogue
(n = 18)

Indirect cost/episode
Mean
(SD)

€ 280.88 (999.93)

€ 0 (0)

€ 0 (0)

€ 0 (0)

Range

€ 0–6296.26

€ 0–0

€ 0–0

€ 0–0

AHA antihyperglycemic agent, n absolute number, SD standard deviation

which is not surprising given that the mean age
of HIPOS-WARD patients (72 years) was much
higher than the current retirement age in Portugal (66 years). Although there were 45 (26%)
potential economically active patients (aged
between 18 and 65 years), only 16 (9.1%)
reported current employment. Of these, 81.2%
had work absence periods. Moreover, the only
response regarding the caregiver absenteeism is
likely to be underestimated considering the
hospitalization setting and that approximately
75% patients were elderly (at least 65 years old).
Therefore, as a result of the data fragility and
uncertainties related to the indirect costs, iit
was noted as a limitation and it was dealt with
separately in the present analysis. Nevertheless,
an increase in the economic and clinical burden
of the disease it is expected when extrapolating
to the general economically active population
with DM and caregivers.
Regarding AHA therapy groups, the insulinbased group has the highest mean expenditure,
while the secretagogue-based group has the
lowest, mainly due the reduced cost spent on
the bed occupancy and lowest physician time.
No correlation with the patient’s profile (e.g.,
DM type, age, previous and multiple hypoglycemic events) could be attributed to a longer
hospital stay and costs, although male patients
with DM1 receiving insulin-based therapy presented the longest stay. Additionally, patients’
characterization did not statistically differ
between AHA therapy groups, but again the
insulin-based group presented the highest frequency of chronic DM complications, lowest
glycemia at entry, and higher median values of

HbA1c at baseline. An indirect effect of the
overall patient condition is expected on hospitalization prognosis; however, it is difficult to be
precise considering so many confounding factors. Thus, it reinforces the importance to periodically review the therapeutic scheme and to
consider other drugs with great potential to
achieve glucose level target but with reduced
risk of hypoglycemia, allowing one to minimize
costs attributed to this adverse event. Performing an individualized therapy approach and
keeping the patient well informed about the
required self-care may avoid recurrent hypoglycemic events.
Finally, the present study, together with the
HIPOS-PHARMA and HIPO-ER studies, reflects
the real-world setting related to hospitalization
due to hypoglycemia episodes in patients with
DM in Portugal, improving the general knowledge on its economic and clinical burden and
supporting the decision-makers’ assessment
regarding new therapies when reviewing the
disease protocols of conduct. The main strength
of this economic analysis was the microcosting
methodological rigor, corroborated by increased
external validity. Furthermore, as the primary
objective of the study was the estimation of DM
type and AHA therapy prevalence, inclusion
criteria were kept minimal and, to minimize
selection bias, patients were enrolled in a consecutive manner. Although data were from
official Portuguese databases, assumptions and
extrapolations were necessary to adjust the format of different unitary costs from the different
sources; this is a limitation. Additionally, the
indirect costs might have been underestimated,

Diabetes Ther

mainly regarding caregiver’s absenteeism, but
also presenteeism, early retirement due to
incapacity, and premature death. Out-of-pocket
expenditures with private assistance, pharmacy,
and transportation were likewise not included
in the study protocol in order to not increase
the complexity with extensive patient interviews and uncertainty.
Overall, the findings presented herein reinforce the importance of an individualized therapy goal, continuous development of medical
education programs, and orientations for
patients’ self-management. Nevertheless, in
complement to the HIPOS project, this study
particularly aimed to measure the costs of
hypoglycemic events leading to hospitalization,
therefore further investigation is needed to
cover other settings and the limitations assessed, such as homecare management, the period
beyond hospitalization discharge, rest-of-life
consequences, and the correlated impact on
quality of life.

CONCLUSION
This microcosting study provides detailed, realworld, observational data, contributing to the
characterization of the burden of hypoglycemia-related hospitalizations in Portugal
and the need for close assistance with DM
medication treatment. Preventing hypoglycemic episodes that would evolve to hospitalizations could reduce both the clinical and
economic burden to the NHS.
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