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Abstract
Background Hypoglycemia is an acute and frequent complication of diabetes. Objectives To assess the number of hospital 
admissions due to iatrogenic hypoglycemia in Alsace (France) over a year, to estimate the associated economic burden and 
to identify causes. Method A retrospective analysis was performed using data extracted from hospital databases. Costs were 
calculated from French official tariffs. Setting 31 public and private hospitals. A review of the medical records of patients 
with iatrogenic hypoglycemia-related hospital admissions was performed at the University Hospital of Strasbourg. Main 
outcome measures Hypoglycemia–related hospital admissions: number, costs and causes. Results Out of 42,381 hospitali-
zations, 147 iatrogenic hypoglycemia–related hospital admissions (0.4%) were identified; 41 patients with type 1 diabetes 
mellitus and 106 with type 2. The total cost associated to the 147 events was € 407,441. The median cost per patient was € 
1,224.6 [563.0–2,505.7 (interquartile range)] for type 1 diabetes mellitus and € 3,670.9 [2,505.7–3,670.9] for type 2. Forty-six 
patients over the 147 were coming from the University Hospital of Strasbourg. In this hospital, the most common origin of the 
hypoglycemia was missed meals (n = 7), the second was a mismatch between antidiabetic medicines and carbohydrate intake 
(n = 6), the third was an incorrect use of antidiabetic medicines (n = 5). Conclusions 147 hospitalizations due to iatrogenic 
hypoglycemia were identified with an estimated global cost of € 407,441. Optimizing therapy with low-risk hypoglycemic 
medicines, improving access to continuous glucose monitoring systems and offering adequate education, could help address 
the causes of hypoglycemia.
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Impacts on practice

•	 Promoting therapeutic education sessions would help 
diabetic patients to better manage their medicines.

•	 Physicians should be more aware of the innovative medi-
cines available, as well as new technological monitoring 
tools.

•	 Pharmacists’ interventions should focus primarily on 
patients at risk of hypoglycemia, i.e. patients with type 
1 diabetes mellitus and frail older patients with type 2 
diabetes mellitus.

•	 The French hospital medical-administrative database is 
an effective tool to explore iatrogenic events. It gives the 
opportunity to focus on specific topics such as iatrogenic 
hypoglycemia-related hospital admissions and to study 
the associated costs.
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Introduction

Hypoglycemia is the most common acute metabolic com-
plication of diabetes. Its diagnosis is based on the Whip-
ple triad: (1) sweating, headache, confusion, fatigue, pallor, 
palpitations, convulsions…, (2) abnormal low blood glucose 
and (3) rapid resolution of symptoms after blood sugar nor-
malization [1]. Apart from situations such as insulinoma 
and bariatric surgery, hypoglycemia is an iatrogenic event 
induced by antidiabetic medicine [1]. It has been estimated, 
in a real-life setting (DIALOG study) [2], that 85.3% of 
patients with type 1 diabetes mellitus (T1DM) and 43.6% 
with type 2 (T2DM) reported experiencing at least one con-
firmed hypoglycemic event over a period of 30 days [2]. 
These hypoglycemic episodes may require treatment up to 
hospitalization and represent a substantial cost to healthcare 
systems [3].

Aim of the study

By using data extracted from the hospital medical-admin-
istrative PMSI (Programme de Médicalisation des Sys-
tèmes d’Information) database, the aims of the study were: 
to assess the number of hospital admissions due to iatro-
genic hypoglycemia (IH) among diabetic patients in Alsace 
(France) in 2014, to estimate the cost impact associated with 
their management and to identify causes and contributing 
factors of these iatrogenic events.

Ethics approval

Information strictly required for the purpose of the study was 
collected in an anonymized manner. Informed consent was 
not required, since this was an observational, non-interven-
tional retrospective study.

Methods

Exploitation of data extracted from regional PMSI 
database: setting

The study was conducted in Alsace, France, a region of 1 
873 million inhabitants. A retrospective analysis was per-
formed using data extracted from the regional and anony-
mous PMSI database over a one-year period (2014). This 
PMSI database gathers all stays of medicine, surgery and 
obstetrics performed by public and private hospitals of 
Alsace (31 hospitals). The data management department of 

the regional health agency (ARS) performed the data extrac-
tion. The department holds the agreements to conduct such 
studies in accordance with the policy of the French data 
protection agency (CNIL).

The regional PMSI database gathers anonymous demo-
graphic patient information (gender, year of birth…), details 
of the hospital stays (name of the hospital, types of hospitali-
zation, duration, passage through emergencies) and mode of 
discharge (return home…).

Concerning the clinical data, each French hospital stay is 
associated with the release of a standard discharge summary 
(Résumé de Sortie Standardisé—RSS). This RSS, which is 
a combination of several medical unit summaries (Résumé 
d’Unité Médicale—RUM), contains the primary diagnosis 
that led to the admission and related, or significant associ-
ated diagnoses.

Diagnoses, either primary, related, or associated are 
encoded using the International Classification of Diseases, 
10th revision (ICD-10).

Each RSS is then integrated to a Diagnosis Related Group 
(DRG) used for classification of hospital stays and ultimately 
for payment (DRG tariffs). All RSS become anonymous e.g. 
RSA (Résumé Standard Anonymisé) when they are transmit-
ted to the ARS.

Inclusion and exclusion criteria

Only hospital stays of diabetic patients aged 18 and over 
were considered. They were identified using the following 
ICD-10 codes “E10 patients with T1DM” or “E11 patients 
with T2DM”. Data collected in the regional PMSI database 
did not contain the description of the medical acts performed 
during emergency visits.

IH-related hospital admissions were identified when 
the main diagnosis of the first RUM of the hospital stays 
was: “E16.0 IH, no coma” or “E16.1 other hypoglycemia” 
or “E16.2 unspecified hypoglycemia” or “T38.3 intoxica-
tion with insulin and oral hypoglycemic agents”. Hospital 
admissions with code reflecting a voluntary intoxication 
were excluded (ICD-10 codes: X64).

Economic evaluation

Costs were considered from the healthcare payer’s perspec-
tive. They were estimated using the 2014 tariffs for public 
and private hospitals. It should be mentioned that public 
hospitals tariffs cover all medical and technical acts whereas 
private hospitals tariffs do not include physician fees.

Exploitation of data extracted from medical records

While the regional PMSI database contains information on 
healthcare expenditures, it does not record medicines and 
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contains few medical data. Because of these limitations, 
especially the lack of information about the causes of IH, 
an additional study was set up in parallel at the University 
Hospital of Strasbourg (UHS). UHS is a public hospital 
and the largest hospital in Alsace (n = 2,600 beds). A ret-
rospective review of the medical records of patients with 
IH-related hospital admissions was thus conducted at this 
hospital. The IH-related hospital admissions were identified 
with the same criteria (ICD-10 codes) as those used with 
the regional PMSI database. For each stay, data collected 
were age of the patient, body mass index, cardiovascular 
risk factors (hypertension, dyslipidemia, tobacco, alcohol), 
glycated hemoglobin (HbA1c), antidiabetic medicines, use 
of an insulin pump, mention of participation in therapeutic 
education sessions, causes of the hypoglycemia.

Statistical analysis

For quantitative variables, the normality of the distribution 
was calculated with the Shapiro–Wilk test. The analysis 
revealed p values greater than 0.05 (quantitative variables 

not normally distributed). The data were therefore expressed 
as medians and interquartile range (IQR). Statistical analyses 
were performed using R Studio R version 3.4.0 (2017-04-21, 
https​://cran.r-proje​ct.org/).

Results

Exploitation of data extracted from the regional 
PMSI database

The regional and anonymous PMSI database provided the 
distribution of diabetic patients, over the age of 18, hos-
pitalized in Alsace in 2014 (Fig. 1). The sample included 
42,381 hospital stays for diabetes; 4,310 (10.2%) of those 
stays matched with T1DM and 38,071 (89.8%) matched with 
T2DM.

Among the 42,381 stays, 147 IH-related hospital admis-
sions (0.4%) were identified. Among the 147 hospitaliza-
tions for IH, there were 41 T1DM patients (1.0% of all 
T1DM hospitalizations) and 106 T2DM patients (0.3% of all 

Fig. 1   Iatrogenic hypoglyce-
mia–related hospital admissions 
identified through hospital data-
bases in Alsace (France). T1DM 
type 1 diabetes, T2DM type 2 
diabetes, ICD-10 International 
Classification of Diseases 10th 
revision

Regional and anonymous PMSI database
Alsace ( France ) - 2014

Diabe�c pa�ents ≥ 18 years

4 310 hospitaliza�ons
T1DM

38 071 hospitaliza�ons
T2DM

42 381 hospitaliza�ons

E16.0, E16.1, E16.2 (ICD-10 code)
Drug-induced hypoglycemia without coma 

(E16.0), others hypoglycemia (E16.1), 
unspecified hypoglycemia (E16.2)

142 hospitaliza�ons
due to hypoglycemia

40 hospitaliza�ons
T1DM 

147 hospitaliza�ons due 
to iatrogenic hypoglycemia

102 hospitaliza�ons
T2DM 

1 hospitaliza�ons
T1DM 

4 hospitaliza�ons
T2DM 

5 hospitaliza�ons
due to «poisoning»

T38.3 (ICD-10 code)
Poisoning by insulin and oral hypoglycemic

agents

https://cran.r-project.org/
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T2DM hospitalizations). The primary diagnoses of the first 
RUM associated to the stays were «E16.0, E16.1 or E16.2» 
for 142 stays (40 T1DM and 102 T2DM) and «T38.3» for 5 
stays (1 T1DM et 4 T2DM).

Characteristic of the diabetic patients 
with IH‑related hospital admissions

The median age of the 41 T1DM hospitalized patients with 
IH was 50 years (IQR [42-76]). The median length of stays 
was 4.0 days (IQR [1.0–7.0]). Among the 41 T1DM patients, 
31 (75.6%) went through emergency departments.

The 106 T2DM patients hospitalized with IH had an aver-
age age of 67 years (IQR [76–82]). The median duration of 
the stays was 7.5 days (IQR [4.0–12.8]). Among the 106 
T2DM patients, 74 (69.8%) went through emergency depart-
ments. One death was recorded.

Hospital costs related to diabetes and iatrogenic 
hypoglycemia

The total costs related to the 147 hospitalizations for IH 
were € 407,441. The median cost of the patient stays was 
€ 1,224.6 (IQR [563.0–2,505.7]) for T1DM and € 3,670.9 
(IQR [2,505.7–3,670.9]) for T2DM. Hospitalization costs 
were highly variable and included the costs of 9 hospitaliza-
tions without overnight stay (6 for T1DM and 3 for T2DM). 
These latter hospitalizations were less expensive.

Exploitation of data extracted from medical 
records: characteristic of the diabetic patients 
with IH‑related hospital admissions

Forty-six patients extracted from the PMSI regional database 
were coming from UHS. This diabetic population included 
16 T1DM and 30 T2DM patients. Median ages were 
49 years (IQR [45–66]) and 77 (IQR [71–81]) for T1DM and 
T2DM patients respectively. The median body mass index 
of the T1DM patients was 25 kg/m2 (IQR [24–28]) whereas 
the one of T2DM patients was 27 kg/m2 (IQR [25–32]). The 
high blood pressure was the main cardiovascular comorbid-
ity found (9 T1DM and 24 T2DM patients), followed by 
dyslipidemia (7 T1DM and 15 T2DM patients) and active 
smoking (3 T1DM and 5 T2DM patients). Finally, the last 
HbA1c rate measured was 7.6% (IQR [6.9–8.6]) for T1DM 
and 7.1% (IQR [6.4–8.1]) for the T2DM patients.

Characteristics of hospital stays

Concerning the mode of entry of the 46 patients, 31 patients 
(67.4%) came through the emergency department. The median 
duration was 4.5 days (IQR [2.5–7.0]) of T1DM patients’ 

stays was and the one of T2DM patients was 12.0 days (IQR 
[8.0–18.0]).

Antidiabetic medication

Outpatient antidiabetic medicines were collected from the 
medical records. All T1DM patients (n = 16) were treated with 
at least one insulin. Five had an insulin pump. Nine patients 
were treated with short and long acting insulins. One patient 
had mixed, short and long acting insulins combination and 1 
patient was on NPH insulin. The most prescribed insulins in 
T1DM patients were insulin glargine U100/mL (8 patients) 
and insulin aspart (5 patients). Concerning T2DM patients 
(n = 30), 16 patients were treated with insulins alone. Eight 
patients were treated with one insulin (4 patients with a mixed 
insulin, 4 patients with a long acting insulin) and 8 patients 
were treated with two insulins (6 patients with short and long 
acting insulins and 2 patients with short acting and mixed 
insulins). The most prescribed insulins were insulin glargine 
U100/mL (7 patients) and insulin aspart (6 patients). Seven 
patients were treated with oral antidiabetic medicines (OAM) 
without insulin: 3 patients had a monotherapy (2 patients with 
a sulfonylurea and 1 with a glinide), 2 patients had a com-
bined therapy associating metformin and a sulfonylurea and 
2 patients had a triple-therapy: metformin, a sulfonylurea and 
a gliptine or acarbose. Seven patients had an association of 
insulin and OAM: 1 patient had an insulin pump associated 
to a combined-therapy of metformin and a gliptine, 4 patients 
with insulin and metformin, 1 patient with insulin and a sulfo-
nylurea, and 1 patient with insulin and a gliptine.

Participation in therapeutic education sessions was noted in 
medical records for 7 T1DM and 11 T2DM patients.

Hypoglycemic events: causes

The causes of hypoglycemia were specified in medical records 
for 21 patients. The most common patient behavioral factor 
which induced episode of hypoglycemia was missed meals 
(n = 7). The second cause was a mismatch between insulin 
or OAM doses compared to carbohydrate intake (n = 6). The 
third was an incorrect use of antidiabetic medicines (n = 5) by 
the patients; the reported errors were the following: confu-
sion between fast- and slow acting insulins (n = 3) and over-
use (n = 2). Episodes of hypoglycemia also occurred in older 
patients with long-acting sulfonylureas (n = 2) and in one 
patient with a combined therapy of a sulfonylurea potentiated 
by voriconazole (n = 1).
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Discussion

Main points

Using PMSI database, we identified, within a one-year 
period, 147 IH-related hospital admissions in Alsace. These 
hospital admissions represented a total cost of € 407,441. 
The data obtained through the review of the medical 
records allowed us to identify causes of IH such as errors 
in treatment administration and inappropriate medicine 
prescriptions.

Strengths and limitations

The French PMSI database contains more than 98% of all 
public and private hospital stays of medicine, surgery and 
obstetrics [4]. This medical-administrative database has 
been used for epidemiology and medical-economic purposes 
[4]. However, it is clear that the PMSI database still remains 
an untapped source of information on the health-care sys-
tem and is underexploited. To our knowledge, this study is 
the first to have used a French regional PMSI database to 
identify hospital admissions due to hypoglycemia in diabetic 
patients. However, it can be specified that anticoagulant 
adverse reactions leading to hospitalizations have already 
been identified using a similar pattern [4].

The reports contained in the PMSI database are coded 
by medical staff under the supervision of the PMSI depart-
ment of each hospital. Coding quality in the PMSI database 
is expected to be high and is guaranteed by quality checks 
regularly performed within each hospital. External audits 
are also conducted by health insurance as hospital financial 
resources are directly related to the coded information.

Patients going through emergency departments and then 
immediately leaving the hospital (e.g. emergency visit alone) 
were not considered in our approach. Thus, the use of the 
PMSI led to an underestimation of the total number of iat-
rogenic hypoglycemic events leading to hospital.

Hospital costs

The use of the regional PMSI database allowed us to evalu-
ate the economic burden associated with IH-related hospital 
admissions. In Alsace, the 147 hospital admissions cost € 
407,441 for 1 year. Reported on a national scale, it would 
reach € 13,581 367 for 1 year in France. This estimated cost 
represents the total direct cost for the French national health 
insurance. Considering that, we did not gather all cases 
(exclusion of emergency visits alone) and that neither phy-
sician fees of private hospitals nor private insurance charges 
were included, this result represents the lower range of the 

cost associated with the management of IH-related hospi-
tal admissions. Furthermore, hospital admissions are only 
one aspect of IH-related morbidity. A larger proportion of 
hypoglycemic events may occur in ambulatory care and are 
also costly.

The median cost of hospitalization for IH in T1DM 
patients was € 1,224.6 while the one for T2DM patients 
was for € 3,670.9. The costs associated with hypoglycemia 
in patients with T1DM and T2DM were assessed by other 
authors [3, 5–7]. For severe hypoglycemic events requiring 
hospitalization, the estimated costs per event and for any 
kind of diabetic patients ranged from € 1,300 to € 3,298 
(United Kingdom, Spain and Germany) [3]. The mean cost 
of a severe hypoglycemic event requiring hospitalization in 
T2DM patients in Portugal was estimated to be € 3,132; a 
little lower than the one found in a Swedish study which 
reported total costs of € 3,918 per severe hypoglycemic 
event treated in hospital [5].

Even if costs observed in European countries do not differ 
meaningfully from ours, they cannot be readily compared 
with our data (and between them). They were obtained by 
using different methodological approaches and sources: 
direct analysis, micro-costing, claims database, reports…. 
Despite these limitations, our data as well as the published 
studies clearly illustrate that hypoglycemia must be rec-
ognized as an important factor in the management of dia-
betic patients and support the development of improvement 
strategies.

IH‑related hospital admissions: causes 
and improvement strategies

While there are extensive evidences on the risk of hypogly-
cemia in T1DM, until recently there has been little published 
data on hypoglycemia in T2DM. This is suggesting that 
hypoglycemia in T2DM is not a serious or frequent adverse 
event. In our study, although the occurrence of IH-related 
hospital admissions was greater in T1DM, the total number 
of IH-related hospital admissions in Alsace was higher in 
T2DM (101 vs. 41). This shows that the physicians should 
not consider hypoglycemia as a minor medical event in 
T2DM.

The missed meals or meals low in carbohydrate content 
were the most frequent causes of IH-related hospital admis-
sions in UHS. This is remarkably consistent across different 
data sets suggesting that this factor should be reviewed with 
all diabetic patients as well as with their caregivers [8].

The errors of medicine administration observed in our 
study also highlighted the reality of patients-induced hypo-
glycemic episode. They invite health professionals to change 
their approach and find more appropriate interpersonal inter-
actions to discuss face-to-face issues of pharmacotherapy 
with their patients [9].
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We did not design our study to identify the most prevalent 
medicine classes or individual agents associated with IH-
related hospital admissions. Insulins and insulin releasing 
agents (secratagogue) such as sulfonylureas and glinides 
were found unsurprisingly. The use of long-acting sulfony-
lureas in older TDM2 patients and combined therapy (sulfo-
nylurea + voriconazole) found in our study should have been 
avoided. This constitutes inappropriate medicine prescrip-
tions [10].

The economic and clinical burden of hypoglycemia is 
now better recognized under our real-life setting conditions. 
It requires the implementation of quality improvement strat-
egies in daily practices.

Recurrent severe hypoglycemia can lead to a fear of hypo-
glycemia, which in turn can reduce adherence to therapeutic 
decisions and increase the risk of morbidity and mortality 
[11–13]. As advocated, French, European and American 
recommendations no longer, systematically favor intensi-
fied regimens [14]. Stopping glinides and sulfonamides 
in fragile patients should be considered. In these patients, 
antidiabetic agents of the incretinomimetic class may be 
an alternative that leads to a lower risk of hypoglycemia 
[10]. Newer, long-acting insulins (insulin glargine 300 U/
mL or insulin degludec) with regard to their more flat and 
prolonged kinetic profile (up to 36 h) also offer the advan-
tage of lower risk of hypoglycemia compared with older 
basal insulins (insulin glargine U100/mL, insulin detemir) 
[15–17]. In the recent study of Karamat et al., switching to 
insulin degludec from basal insulins (insulin glargine U100/
mL or insulin detemir) was estimated to achieve substantial 
cost savings in their cohort of patients due to the reduction 
of severe hypoglycemic events [17]. As the cost of IH events 
is considerable, used in appropriate targeted patients, newer 
long-acting insulins could therefore lead to significant cost 
savings despite their higher acquisition cost.

The development of continuous glucose monitoring 
(CGM) systems displaying values in real time has been 
intensively promoted during recent years, leading to CGM 
systems with approximately the same precision as currently 
available blood glucose meters [18, 19]. Implementation of 
routine use of CGM systems could then have a substantial 
benefit, especially in patients with impaired hypoglycemia 
awareness. However, the profile of “responsive” patients 
who get the best outcome from CGM has yet to be deter-
mined [18, 19].

It also appears essential to offer the patient a tailored 
therapeutic education focused on the prevention of hypo-
glycemia, its identification and management [8, 20]. In 
our clinical study, 64% of T1DM and only 36% of T2DM 
patients had participated in therapeutic education sessions. 
In addition, clinical pharmacist interventions, carried out 
at hospital discharge, could enable patients to better under-
stand their treatment and thus reduce IH. These pharmacist 

interventions should primarily target at-risk diabetic popu-
lation of hypoglycemia e.g. T1DM patients and frail older 
patients with T2DM [13, 21]. A recent systematic review 
and meta-analysis confirmed that pharmacist interventions 
improve glycemic control in T2DM patients compared with 
usual care [9].

Conclusion

The study provides a picture of the economic impact of IH-
related hospital admissions in Alsace (France) and high-
lights the main causes of hospitalizations: missed meals, 
mismatches between insulin or OAM doses compared to car-
bohydrate intake and incorrect use of antidiabetic medicines. 
Optimizing therapy with low-risk hypoglycemic medicines, 
improving access to continuous glucose monitoring systems 
and offering adequate training, could help addressing the 
causes of hypoglycemia, reducing the costs of hospitaliza-
tion and improving the quality of life of diabetic patients.
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