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Abstract: We aimed to elucidate the epidemiology, patient demo-

graphics, and clinical outcomes of hospitalization for hypoglycemia in

diabetic patients using a Japanese large-scale database.

We conducted a retrospective study using a national inpatient

database of acute care hospitals in Japan. Diabetic patients ages �15

years with hypoglycemia as a main diagnosis for hospitalization were

eligible. We estimated the annual number of hospitalizations in Japan

and compared the annual admission rate by age and treatment groups.

We also analyzed the association between patient characteristics and in-
ma, MD, PhD, Tet , MD,
d Hidekatsu Yanai, MD, PhD

years, and the mean body mass index (BMI) was 22.3 kg/m2. The

estimated annual hospitalization for hypoglycemia in Japan was

�20,000. Annual admission rates for hypoglycemia per 1000 diabetic

patients and 1000 diabetic patients receiving insulin or oral hypogly-

cemic agents were 2.1 and 4.1, respectively. Patients<40 years and>70

years old were at a higher risk of hospitalization. In-hospital mortality

was 3.8%, and risk factors associated with poor survival were male sex,

older age, lower bed capacity, community hospital, low BMI, coma at

admission, and higher Charlson Comorbidity Index.

To prevent severe hypoglycemia that leads to death and compli-

cations, individualized and careful glycemic control are important,

especially in very old or young patients and in those with comorbid

conditions or low BMI.

(Medicine 94(25):e1029)

Abbreviations: BMI = body mass index, CCI = Charlson

Comorbidity Index, DPC = diagnosis procedure combination,

ICD-10 = International Classification of Diseases, 10th Revision,

JCS = Japan Coma Scale, NHNS-J = National Health and Nutrition

Survey Japan.

INTRODUCTION

D iabetes is a serious and increasing global health burden.
The prevalence of diabetes has been increasing recently

not only in Western countries but also in non-Western countries
including Asia, where the population has been growing.1 To
prevent diabetes-related complications, intensive blood glucose
control had been recommended based on large-scale studies
such as the United Kingdom Prospective Diabetes Study and the
Diabetes Control and Complications Trial.2,3 However, a recent
large-scale trial showed intensive glucose-lowering therapy
increased death rates and hypoglycemia, and did not signifi-
cantly reduce major cardiovascular events in type 2 diabetes.4 A
systematic review suggested that severe hypoglycemic events
were associated with a higher risk of subsequent cardiovascular
disease.5 Hypoglycemia is also associated with dementia,6

trauma by traffic accident, and falling.7,8 These findings chal-
lenge the strict glycemic control strategy in the management of
diabetes. Current clinical guidelines state that a less stringent
Hemoglobin A1c (HbA1c) goal may be appropriate for patients
with a history of severe hypoglycemia, advanced vascular
complications, extensive comorbid conditions, and older age
associated with frailty and dementia.9,10

Diabetes care quality metrics established more than a
decade ago have primarily focused on the prevention of hyper-
plications. However, hypoglycemia has
d as an important indicator of quality of
ntion depends on physicians’ skill levels,
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publication of guidelines and large trials, use of medications
with a lower risk of hypoglycemia, and patient education.11

There are some nationwide studies of incidence and temporal
trends of hypoglycemia in the United States and Europe.11–14

However, large-scale data from outside Western countries are
scarce. Race and ethnicity are associated with characteristics of
diabetic patients including body mass index (BMI)15–17 and
susceptibility to hypoglycemia.12 To our knowledge, little is
known about the clinical course and health burden of severe
hypoglycemia including incidence of concurrent ischemic heart
disease and injury because most of the previous studies of
hypoglycemia were either epidemiological studies without
detailed clinical data in regional or nationwide populations
or clinical studies conducted at a single center.

We conducted a nationwide, retrospective study using an
administrative and clinical inpatient database to elucidate the
incidence, patient demographics, and clinical outcomes of
hospitalization for hypoglycemia in acute care hospitals
in Japan.

MATERIALS AND METHODS

Diagnosis Procedure Combination Database
The diagnosis procedure combination (DPC) database is an

administrative claims and discharge database in Japan.18,19 All
of the 82 university academic hospitals in Japan are obliged to
participate in the database, whereas participation by community
hospitals is optional. Data were collected for all inpatients
discharged from the participating hospitals for 6 months
between July and December until 2010, and every month since
2011. The number of participating hospitals increased in 2012
to 1098 with 388,000 beds, representing �43% of the total bed
capacity of acute care hospitals in Japan. The numbers of patient
records in the database were 2.82, 2.78, 3.30, 6.96, and 6.85
million in 2008, 2009, 2010, 2011, and 2012, respectively,
representing �50% of all discharge cases from acute care
hospitals in Japan. The present study was based on a secondary
analysis of the administrative claims data. The requirement for
informed consent was waived because of the anonymous nature
of the data. Study approval was obtained from the institutional
review board of the University of Tokyo.

Patient Selection and Variables
The DPC data include a maximum of 12 diagnoses

recorded in accordance with the International Classification
of Diseases, 10th Revision (ICD-10) codes and text data in the
Japanese language. The maximum of 12 diagnoses consist of 4
main diagnoses, 4 comorbidities at admission, and 4 compli-
cations after admission. We retrospectively extracted the
patients who had a hypoglycemia-related ICD-10 code
(Table 1) in the 4 main diagnoses between fiscal year 2008
and 2012. Because ICD-10 codes of diabetic coma included
hypoglycemia and hyperglycemia, and an ICD-10 code of E15
included hypoglycemia in patients with and without diabetes,
we confirmed the diagnosis by Japanese text, and if necessary
we reviewed the 4 diagnoses of comorbidities at admission. We
excluded patients <15 years old and those without any ICD-10
code of diabetes (E10–E14) in the 12 diagnoses. Therefore,
only diabetic patients ages �15 years admitted because of
hypoglycemia were eligible for this study.

Sako et al
We extracted the following data: age at admission, sex,
height and weight (available since 2010), status at discharge,
use of ambulance, unique hospital identifiers, type of hospital
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(academic or community), number of hospital beds, underlying
disease (Table 1), procedures and surgeries recorded with the
Japanese original codes, drugs prescribed during hospitaliz-
ation, medical cost, and dates of admission and discharge. BMI
was computed using the following standard equation: BMI¼ -
weight in kg/height squared in meters. BMI was categorized
into 5 groups: underweight (BMI< 18.50 kg/m2), low-normal
weight (18.50–22.99 kg/m2), high-normal weight (23.00–
24.99 kg/m2), overweight (25.00–29.99 kg/m2), and obese
(�30.00 kg/m2).20 Consciousness level at admission and dis-
charge were recorded using the Japan Coma Scale (JCS). We
categorized JCS into 4 categories: grade 0 (alert); grade 1
(drowsy, but awake without any stimuli); grade 2 (somnolence,
but arousable with stimulation); and grade 3 (coma).21 We
evaluated the burden of comorbidities using the Charlson
Comorbidity Index (CCI) based on the protocol of Quan.22,23

Estimated Prevalence of Hospitalization for
Hypoglycemia

The number of hypoglycemia hospitalizations in each
fiscal year (Yi) was estimated with the following equation:

Yi ¼ Ni=ni� 12=Mi� Xi:

Ni is the number of beds in all acute care hospitals in
Japan,24 ni is the number of beds in the DPC hospitals, Mi is the
length of months for DPC data submission, and Xi is the
observed number of hypoglycemia cases in the DPC hospitals.
Hospitals were stratified by bed volume categories for the
adjustment because the DPC hospitals were skewed toward
larger hospitals.

The 95% confidence intervals (CIs) were calculated by
Wald CIs for the population proportion:

Yi=Ni ¼ Pi� Z
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pið1� PiÞ=ni

p

where Pi ¼ 12=Mi� Xi=ni and Z ¼ 1:96:

The national estimate of the population with diabetes and
the population with diabetes receiving antidiabetic treatment
were derived from the National Health and Nutrition Survey
Japan (NHNS-J)25 and the Japan Population Estimates.26

NHNS-J is an annual cross-sectional survey of a nationally
representative sample of noninstitutionalized Japanese people
who are residents of 300 survey districts selected using a 2-stage
stratified random sampling design.27 NHNS-J investigated the
population with diabetes every 5 years. In NHNS-J, ‘‘individ-
uals strongly suspected of having diabetes’’ were defined as
those having HbA1c of �6.5% (48 mmol/mol), or as those who
responded to the questionnaire by saying that they were cur-
rently receiving diabetes treatment. ‘‘Subjects who are on
medications’’ were defined as those who responded to the
questionnaire by saying that they had used ‘‘insulin injection
or any blood glucose-lowering drugs.’’

Statistical Analysis
Multivariate logistic regression analyses were performed

to analyze the concurrent effects of various factors on in-
hospital mortality and to determine the odds ratios and 95%
CIs. We used age, sex, and variables that were clinically relevant
and significantly associated with mortality in univariate
analyses. All the logistic regression analyses were fitted with

Medicine � Volume 94, Number 25, June 2015
generalized estimating equations to take into account the
dependence of the observations on the clustering effect by
hospital.28 Values of P< 0.05 were considered significant.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. ICD-10 Codes of Underlying Diseases

Disease Category ICD-10 Code

Hypoglycemia-related diagnosis
Type 1 diabetes with coma E10.0
Type 2 diabetes with coma E11.0
Malnutrition-related diabetes with coma E12.0
Other specified diabetes with coma E13.0
Unspecified diabetes with coma E14.0
Nondiabetic hypoglycemic coma E15
Drug-induced hypoglycemia without coma E16.0
Other hypoglycemia E16.1
Hypoglycemia, unspecified E16.2

Comorbidities and complications
Cerebrovascular diseases I60.x-64.x, I69.x
Dementia F00.x-03.x, F05.1, G30.x, G31.0, G31.1
Pneumonia J12.x-18.x, J69.0
Urinary tract infection N10.x-12.x, N13.6, N15.1, N30.0, N30.9, N39.0
Sepsis A02.1, A40.x, A41.x
Diabetes mellitus E10.x-14.x
Ischemic heart diseases I20.x-25.x
Arrhythmias I44.x, I45.x, I47.x-49.x
Heart failure I11.0, I13.0, I13.2, I50.x
Renal failure I12.0, I13.1, I13.2, N17.x, N18.x, N19.x
Chronic lung diseases J40.x-47.x, J60.x-67.x
Chronic liver diseases B18.x, I85.x, I86.4, I98.2, K70.2–4, K71.1, K71.3–5, K71.7, K72.x-74.x, K76.6, K76.7
Intracranial injury S06.x
Bone fracture Sx2.x, T02.x, T08.x, T10.x, T12.x, M80.x
Eating disorders F50.x
Dumping syndrome K91.1
Insulinoma C25.4, D13.7
Hypopituitarism E23.0
Adrenocortical insufficiency E27.1–4
Hypothyroidism E03.1–3, E03.8, E03.9
Malignancies Cxx.x

G6
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All statistical analyses were performed using IBM SPSS Stat-
istics Version 20 (IBM SPSS, Armonk, NY).

RESULTS

Patient Demographic Data
From 22.7 million discharge records from the 45 months

between July 2008 and March 2013, we found 81,433 patients
who had any ICD-10 code of possible hypoglycemia in any of 12
diagnoses. Among them, 25,071 patients were eligible for our
study criteria. The demographic data are shown in Table 2. The
mean age was 73.4 years (SD 13.1). The mean CCI was 2.5 (SD
1.7). The mean height, body weight, and BMI were 156.5 cm (SD
9.7), 54.9 kg (SD 12.3), and 22.3 kg/m2 (SD 4.3), respectively.
Dumping syndrome and eating disorder were seen in 89 (0.4%)
and 50 cases (0.2%). Insulinoma, hypopituitarism, adrenocortical
insufficiency, and hypothyroidism were seen in 38 (0.2%), 97
(0.4%), 140 (0.6%), and 456 cases (1.8%), respectively.

Alcohol-related disorders F10.x, G31.2,

ICD-10¼ International Classification of Diseases, 10th Revision.
Prevalence of Hospitalization for Hypoglycemia
The estimated annual numbers of hospitalization for hypo-

glycemia in Japan were �20,000 (Table 3). In 2012, the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
proportion of hypoglycemia admissions per 1000 diabetic
patients was 2.1, and the proportion of hypoglycemia admis-
sions per 1000 diabetic patients receiving insulin and/or oral
hypoglycemic agents was 4.1 (Table 4). Patients <40 years and
>70 years old were at a higher risk of hospitalization.

Clinical Outcomes and Risk Factors for
In-Hospital Mortality

Median length of stay was 7 days (interquartile range 13
days). Median medical cost was 259,000 JPY (1USD¼ 80 to
100 JPY during the study period; interquartile range 390,000
JPY). In terms of functional status at discharge, 1.5% had
enteral feeding, 0.4% had parenteral nutrition through central
venous catheter, and JCS was grade 0 for 79.8%, grade 1 for
7.9%, grade 2 for 0.8%, grade 3 for 0.5%, and missing for
11.0%.

The in-hospital mortality was 3.8%, the rate of patients
discharged to home was 85.3%, and the rate of patients dis-
charged to places other than home was 10.9%.

2.1, G72.1, I42.6, K29.2, K70.x, K86.0, R78.0, T51.0, T51.9
The results of the multivariate logistic regression analyses
for in-hospital mortality are shown in Table 5. Factors associ-
ated with higher in-hospital mortality were male sex, older age,

www.md-journal.com | 3



TABLE 2. Patient Characteristics

Number (%)

Sex
Male 13,358 53.3

Age, y
15–19 58 0.2
20–29 184 0.7
30–39 452 1.8
40–49 848 3.4
50–59 1669 6.7
60–69 4276 17.1
70–79 8453 33.7
80–89 7808 31.1
90–99 1298 5.2
�100 25 0.1

Academic hospital 2789 11.1
Ambulance use 18,952 75.6
Hospital bed capacity

20–199 3533 14.1
200–299 3580 14.3
300–399 5073 20.2
400–499 4074 16.2
500–599 3624 14.5
600–699 2285 9.1
�700 2879 11.5
Missing 23

BMI
<18.5 2788 11.1
18.5–22.9 7369 29.4
23.0–24.9 2765 11.0
25.0–29.9 2988 11.9
�30 759 3.0
Missing 8402 33.5

CCI
1 8565 34.2
2 6971 27.8
3 4517 18.1
�4 5018 20.0

Japan Coma Scale at admission
Grade 0 (alert) 11,876 47.4
Grade 1 (drowsy) 6327 25.2
Grade 2 (somnolence) 2863 11.4
Grade 3 (coma) 4004 16.0
Missing 1 0.0

Type of diabetes
Type 1 diabetes 2048 8.2
Type 2 diabetes 21,427 85.5
Other type or unspecified diabetes 1596 6.4

Comorbidities
Cerebrovascular diseases 4544 18.1
Dementia 1364 5.4
Pneumonia 2059 8.2
Urinary tract infection 886 3.5
Sepsis 327 1.3
Ischemic heart diseases 2746 11.0
Arrhythmias 1374 5.5
Heart failure 2259 9.0
Renal failure 3022 12.1
Chronic lung diseases 869 3.5
Chronic liver diseases 900 3.6
Malignancies 2671 10.7

Number (%)

Alcohol-related disorders 508 2.0
Intracranial injury 97 0.4
Bone fractures 372 1.5

Therapeutic interventions
Glucagon on day 0 and/or 1 294 1.2
Mechanical ventilation 492 2.0
Central vein catheter insertion 1002 4.0
Nasogastric tube feeding 801 3.2
Gastrostomy placement 181 0.7
Diagnostic coronary angiography 106 0.4
Percutaneous coronary intervention 53 0.2
Pacemaker placement 13 0.1
Surgery for bone fracture 43 0.2
Hemodialysis 843 3.4
ICU admission 495 2.0
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lower bed capacity hospital, nonacademic hospital, diabetes
other than type 2 diabetes, underweight according to BMI,
disturbance of consciousness at admission, and higher CCI.

DISCUSSION
This nationwide retrospective study including 25,071 hos-

pitalizations for hypoglycemia during 45 months investigated
both epidemiological and clinical data in Japanese acute care
hospitals. Mean age of the patients was 73.4 years, and �90%
were >60 years. Mean BMI was 22.3 kg/m2, with 17% of
patients considered underweight and 61% normal weight
according to BMI. Each year, 16,000 to 22,000 diabetic patients
were hospitalized for hypoglycemia, and patients<40 years and
>70 years were at highest risk of hospitalization. In-hospital
mortality was 3.8%, and risk factors associated with poor
survival were male sex, older age, lower bed capacity, com-
munity hospital, underweight according to BMI, coma at
admission, and higher CCI.

In our data, annual admission for hypoglycemia in 2012
was 2.1 per 1000 diabetic patients and 4.1 per 1000 diabetic
patients receiving antidiabetic treatment. In an Italian nation-
wide study, the hospital admission rate for hypoglycemic coma
was 0.81/1000 diabetic patients in 2001 and 0.39 in 2010.14 In
the United States, an annual national estimate of emergency
department visits per 1000 persons with diabetes receiving
insulin treatment was 17.8, with one third of these requiring
admission.13 A Canadian regional study reported that the annual
rate of hospitalized hypoglycemia per 1000 people >65 years
was 1.5; half of this population had diabetes and most hypo-
glycemia patients had diabetes.29 Although it is difficult to
compare the incidences of hypoglycemia admission directly
among different databases, health care systems, and thresholds
of hospitalization, our data is the first nationwide survey in an
Asian country and the largest cohort of Asian ethnicity. In the
United States, a decline in hospital admissions for hypoglyce-
mia coincided with the publication of the disappointing results
of large trials about tight glycemic control.11 NHNS-J reported
that the estimated population of ‘‘individuals strongly suspected

BMI¼ body mass index; CCI¼Charlson Comorbidity Index;
ICU¼ intensive care unit.
of having diabetes’’ in Japan was 7.4, 8.9, and 9.5 million in
2002, 2007, and 2012, respectively. In spite of the increasing
number of the diabetic patients, our data showed the decline in

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Estimated Annual Admission for Hypoglycemia In Japan

Fiscal
Year

No. of DPC
Hospitals

No. of
Acute

Care Beds
in DPC

Hospitals

No. of
Acute Care
Hospitals
in Japan

No. of
Acute Care

Beds in
Japan

No. of Admissions
for Hypoglycemia

in DPC Data

Duration of
Available DPC

Data, mo

Estimated no.
of Annual Admissions
for Hypoglycemia in

Japan (95% CI)

2008 855 313,780 7714 909,437 2379 6 16,505 (16,116–16,894)
2009 901 310,886 7655 906,401 2856 6 19,687 (19,259–20,115)
2010 980 355,869 7587 903,621 5481 9 22,047 (21,626–22,468)
2011 933 337,036 7528 899,385 6727 12 20,444 (20,020–20,869)
2012 1098 387,679 7493 898,166 7605 12 19,542 (19,150–19,934)
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estimated annual admissions for hypoglycemia after 2010. This
can be partly explained by the availability of antidiabetic drugs
with a lower risk of hypoglycemia in Japan. At the end of 2009,
dipeptidyl peptidase-4 inhibitors were approved, and metformin
had been reappraised and the maximum dose increased from
750 to 2250 mg/d in 2010. Glucagon-like peptide-1 analogues
were approved in 2010, and the availability of options of long-
acting basal insulin and rapid-acting insulin has been increasing
since 2008.

Hospital admission because of hypoglycemia in Japan may
be partly attributed to inadequate home-care and prehospital
care in addition to an aging population. Glucagon should be
prescribed for all individuals at significant risk of severe
hypoglycemia, and caregivers or family members of these
individuals should be instructed on its administration.9 How-
ever, Japanese diabetic patients underutilize glucagon30

because neither physicians nor patients recognize the import-
ance of glucagon injection and a user-friendly glucagon injec-
tion kit is not available. Most severe hypoglycemia requiring
emergency ambulance services can be treated at the scene and

CI¼ confidence interval; DPC¼ diagnosis procedure combination.
do not need hospital care.31 In April 2014, the Japanese
government approved emergency medical technicians with
specific certification to provide blood glucose monitoring

TABLE 4. Annual Admissions for Hypoglycemia

Age

Estimated Annual
Admission for

Hypoglycemia in
Japan

National Estimate
of Population
With Diabetes

Nat
Estimate o

With Diabe
Antidiabeti

15–19 40
20–29 95 39,960 13
30–39 356 207,048 49
40–49 565 530,190 176
50–59 1235 1,313,004 572
60–69 3053 2,989,062 1,58
�70 14,196 4,427,052 2,34
Total 19,542 9,506,316 4,74

CI¼ confidence interval.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
and glucose administration under a physician’s supervision.
This prehospital care may help diagnose and treat hypoglycemia
promptly and reduce the subsequent hospitalization.

Single-center studies showed that in-hospital mortality
among hypoglycemic hospitalizations was 1.4% to 7.1%.32–

35 An Italian nationwide study based on administrative and
clinical data reported that in-hospital mortality for hypoglyce-
mic coma was 2.1%.14 Our data are comparable with these
studies and have added several risk factors associated with
mortality based on large-scale data. To our knowledge, data on
the impact of BMI on the frequency and mortality of hypogly-
cemia are lacking. The BMI of Japanese diabetic patients
reported in previous studies was considerably lower than in
Western diabetic patients16,17 and was close to that of our study
patients. We were not able to investigate the relationship
between BMI and susceptibility to hypoglycemia. However,
underweight according to BMI was significantly related to in-
hospital death. Because advanced age, malnutrition, and poor
general condition could be associated with underweight, we
adjusted some of these confounders such as age and CCI. Two

Japanese studies showed that diabetic patients with
BMI< 18.5 kg/m2 had significantly higher mortality compared
with normal and overweight diabetic patients.16,36 A cohort

ional
f Population
tes Receiving
c Treatment

Annual Admission
for Hypoglycemia
per 1000 Patients
With Diabetes
(95% CI)

Annual Admission
for Hypoglycemia
per 1000 Patients
With Diabetes
Receiving Antidiabetic
Treatment (95% CI)

,307 2.39 (1.91–2.87) 7.17 (5.74–8.61)
,070 1.72 (1.54–1.90) 7.26 (6.51–8.01)
,553 1.07 (0.98–1.15) 3.20 (2.94–3.47)
,470 0.94 (0.89–0.99) 2.16 (2.04–2.28)
4,203 1.02 (0.99–1.06) 1.93 (1.86–2.00)
6,338 3.21 (3.15–3.26) 6.05 (5.95–6.15)
1,940 2.06 (2.03–2.08) 4.12 (4.06–4.18)
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TABLE 5. Logistic Regression Analysis for In-Hospital Mortality

Crude Mortality Adjusted Odds Ratio 95% CI P

Sex
Female 3.0 0.637 0.551 — 0.736 <0.001
Male 4.4 Reference

Age, y
�90 6.7 4.786 2.590 — 8.843 <0.001
80–89 4.2 2.793 1.565 — 4.986 0.001
70–79 4.0 2.656 1.486 — 4.747 0.001
50–69 2.8 1.711 0.955 — 3.067 0.07
�49 1.0 Reference

Hospital bed capacity
�700 2.7 0.620 0.413 — 0.931 0.02
600–699 2.8 0.542 0.399 — 0.737 <0.001
500–599 3.7 0.737 0.555 — 0.978 0.04
400–499 3.0 0.593 0.452 — 0.778 <0.001
300–399 4.2 0.790 0.626 — 0.997 0.05
200–299 4.4 0.859 0.663 — 1.113 0.25
�199 5.0 Reference

Type of hospital
Academic 2.3 0.634 0.429 — 0.937 0.02
Community 3.9 Reference

Type of diabetes
Other types or unspecified diabetes 8.5 1.560 1.205 — 2.019 0.001
Type 1 diabetes 1.2 0.458 0.297 — 0.708 <0.001
Type 2 diabetes 3.9 Reference

BMI
Missing 3.6 1.335 1.104 — 1.614 0.003
<30.0 3.0 1.179 0.761 — 1.827 0.46
25.0–29.9 2.6 0.889 0.682 — 1.159 0.39
23.0–24.9 1.9 0.599 0.439 — 0.817 0.001
<18.5 7.4 2.345 1.918 — 2.868 <0.001
18.5–22.9 3.3 Reference

Japan Coma Scale at admission
Grade 3 (coma) 8.2 3.383 2.858 — 4.005 <0.001
Grade 2 (somnolence) 4.3 1.534 1.238 — 1.901 <0.001
Grade 1 (drowsy) 2.6 0.914 0.748 — 1.116 0.38
Grade 0 (alert) 2.8 Reference

CCI
�4 8.0 4.279 3.538 — 5.174 <0.001
3 4.5 2.191 1.762 — 2.724 <0.001
2 2.4 1.114 0.890 — 1.395 0.35
1 2.0 Reference

onfi
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study of type 2 diabetes in Taiwan showed that underweight
according to BMI was significantly predictive of any cause of
death.37 Although previous studies in North America and
Europe did not include patients with BMI< 18.5 kg/m2, they
reported a U-shaped association of BMI with mortality38 and
higher mortality in normal weight at the time of incident
diabetes compared with overweight or obese.39 Our results
suggest that hypoglycemia provides an important clue about
the underlying mechanism of the association between mortality
and BMI in diabetic patients.

Severe hypoglycemia is associated with a higher risk of

BMI¼ body mass index; CCI¼Charlson Comorbidity Index; CI¼ c
cardiovascular diseases. Plausible mechanisms include sym-
pathoadrenal activation, abnormal cardiac repolarization, and
vasoconstriction.5,40 The data of the incidence of cardiovascular
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disease just after hypoglycemia or during hospitalization for
hypoglycemia have been scarce. In our data, 0.4% of patients
had diagnostic coronary angiography, 0.2% had percutaneous
coronary intervention, and 0.1% had pacemaker placement
during hospitalization for hypoglycemia. A single-center study
in a Japanese tertiary care hospital showed that among 414
diabetic patients with severe hypoglycemia, 35% had severe
hypertension, 58% had QT prolongation, 3% had newly diag-
nosed atrial fibrillation, 1 case had myocardial infarction
requiring percutaneous coronary intervention, and 1% had
stroke.35 Our study was comparable with these figures and

dence interval.
provided additional data based on a large cohort. In an Italian
academic hospital, 18% of type 2 diabetic patients hospitalized
for severe hypoglycemia had acute coronary syndrome during
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hospitalization.33 The difference can be explained by the more
frequent preexisting coronary heart disease in the Italian study
and the lower incidence of ischemic heart disease in the
Japanese population compared with the Western population.15

Hypoglycemia was also associated with a significantly
higher risk of accidental falls, motor vehicle accidents,7 and
fall-related fractures.8 According to the study of the National
Electronic Injury Surveillance System–Cooperative Adverse
Drug Event Surveillance in the United States, 5.1% of patients
who visited the emergency department for insulin-related hypo-
glycemia and errors had suffered a fall or injury.13 A UK
regional study showed that 2.5% of the severe hypoglycemic
patients requiring emergency ambulance services had had a fall.
Among 102 diabetic patients hospitalized for hypoglycemic
coma in Israel, 4 had head trauma and 3 had skeletal injury.32

Among 414 Japanese diabetic patients with severe hypoglyce-
mia transported to the hospital by ambulance, 5.8% had trauma,
0.5% had subarachnoid hemorrhage, and 0.5% had fracture.35

Although our data did not have information relating to falls and
traffic accidents, this nationwide study did confirm the previous
incidence data of major trauma as a serious consequence
of hypoglycemia.

This study has several limitations. First, the DPC database
lacked some clinical information. For instance, we had no data
on laboratory tests including plasma glucose, HbA1c, and serum
creatinine. Because we extracted the patients based on 4 main
diagnoses, we may have missed hypoglycemic patients with
severe comorbidities such as severe sepsis, acute coronary
syndrome, renal failure, and multiple injuries even if such
patients had hypoglycemia at admission. As a result, this study
may have underestimated the number of annual admissions for
hypoglycemia. Second, we could not assess the hypoglycemic
risk of oral hypoglycemic agents and insulin because outpatient
prescription data before admission were not available in the
DPC database, and NHNS-J data did not specify the type of
antidiabetic agents. Third, the participating hospitals in the DPC
database are limited to acute care hospitals and are skewed
toward large bed-volume hospitals. To adjust for this, we
stratified hospitals by bed-volume categories. Although com-
munity hospitals are not obliged to participate in the DPC
database, the database has �50% of all discharge records from
acute care hospitals in Japan, and patients hospitalized in the
community hospitals accounted for 88.9% of eligible patients.
Fourth, the DPC database only has discharge records and does
not link with other databases such as vital statistics. Therefore,
we could not investigate death after discharge, and our findings
are limited to short-term and in-hospital mortality. Despite these
limitations, our large-scale study has elucidated the current
status of hypoglycemia hospitalization in this Asian population,
confirmed the results from smaller studies, and provided funda-
mental data to establish better clinical practice, appropriate
glycemic goals, and health care policy.

In conclusion, this study showed that young and old
diabetic patients had a higher risk of hospitalization for hypo-
glycemia compared with middle-aged patients, and burden of
comorbidities, older age, and underweight according to BMI
were associated with increased risk of in-hospital death. The
clinical impact of complications and sequelae of hypoglycemia
such as cardiovascular disease, trauma, and encephalopathy
were not negligible. To prevent the severe hypoglycemia that
offsets the advantages of strict glycemic control, individualized

Medicine � Volume 94, Number 25, June 2015
glycemic goals and careful management are important, especi-
ally in old or young patients, those with comorbid conditions,
and those who are underweight according to BMI.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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