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Abstract

Background

Despite concerns about hypoglycemia events from overly aggressive glycemic reduction,

population trends in hypoglycemia and hyperglycemic crisis incidence are unclear. To

address this gap, we examined changes in emergency department (ED) visit rates for hypo-

glycemia and hyperglycemic crisis 2006–2011.

Methods

Using data from the Nationwide Emergency Department Sample, we estimated the number

of ED visits for hypoglycemia and hyperglycemic crisis via ICD-9-CM among adults with dia-

betes. Using data from the National Health Interview Survey, we estimated the population

of adults with diabetes and calculated ED visit rates.

Results

From 2006 to 2011, ED visit rates for hypoglycemia declined by 22% from 1.8 to 1.4 per 100

adults (p = 0.003). The rates decreased in all age groups (all P<0.05) except those aged 18

to 44 years (P = 0.31). Hypoglycemia rates displayed a J-shaped curve across age, with the

highest rates among adults aged 75 years or older (P <0.001). ED visit rates for hyperglyce-

mic crisis did not change overall but increased 17% for adults aged 65 to 74 years (P =

0.02) and 29% for women (P = 0.01). Hyperglycemic crisis rates were highest among adults

aged 18 to 44 years (P <0.001).

Conclusions

Hypoglycemia rates have declined for all adults but persons aged 18–44 years while rates

for hyperglycemic crisis remained stable. Future preventive efforts should target on the sus-

ceptible population of adults aged 18 to 44 years and those aged 75 years or older.
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Introduction
About 9.3% of the US population, or 29.1 million people, was estimated having diabetes in
2012 [1]. Preventing hypoglycemia from overly aggressive treatment for diabetic persons has
been increasingly emphasized. Several clinical trials have shown that intensive glycemic reduc-
tion does not reduce cardiovascular events but increases hypoglycemia occurrence [2–4].
Hypoglycemia was found associated with higher cardiovascular morbidity and all-cause mor-
tality [5,6]. These findings exposed the seriousness of hypoglycemia, and raised concerns on
the harm of overly intensive glycemic intervention. Clinical guidelines for diabetes manage-
ment were reconsidered to recommend a more flexible individualized approach that accounted
for age, functional status, life expectancy, and morbidities into glycemic control goal setting
[7,8]. Accordingly, American Diabetes Association and the Endocrine Society stated in a con-
sensus report that preventing hypoglycemia can be considered more important than achieving
optimal glycemic control for some subpopulations (e.g., older persons with comorbidities, chil-
dren less than 5 years, or those with hypoglycemia unawareness) [9]. Despite these concerns
over hypoglycemia, its national population trends are unclear. To address this gap, we exam-
ined the trends in emergency department (ED) visit for hypoglycemia and another major acute
complication of diabetes-hyperglycemic crisis—from 2006 to 2011.

Methods
We analyzed 2006–2011 data from Agency for Healthcare Research and Quality’s Nationwide
Emergency Department Sample (NEDS) to identify ED visits for hypoglycemia and hyperglyce-
mic crisis. NEDS is the largest all-payer ED database in the United States. It is a 20% stratified
sample of EDs affiliated with community hospitals in the United States, containing about 25 to
30 million records annually from 24 to 30 partnering states. NEDS combines data from state
emergency department databases for "treat and release" ED visits and from state inpatient data-
bases for ED patients who are admitted to hospitals. NEDS contains information on patient and
hospital characteristics, diagnosis and procedure codes, and the nature of visits. Nationally repre-
sentative estimates can be derived by using sampling weights. Detailed information on the data is
available at http://www.hcup-us.ahrq.gov/nedsoverview.jsp#Whatis. ED visits by adults aged 18
years or older with diabetes were identified via the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code 250.xx as any 1 of 15 diagnoses. Among ED
visits by adults with diabetes, we identified ED visits for hypoglycemia on the basis of a previously
validated algorithm [10,11] by using a first-listed diagnostic code of 251.0, 251.1, 251.2, or 962.3;
or a first-listed diagnostic code of 250.8 that was not accompanied by any of the following codes:
259.8, 272.7, 681, 682, 686.9, 707.1, 707.8, 707.9, 709.3, 730.0, 730.1, 730.2, or 731.8. Visits for
hyperglycemic crisis were defined as those with 250.1 or 250.2 as the first-listed diagnosis. The
total unweighted number of visits was 401,804 for hypoglycemia and 197,415 for hyperglycemic
crisis for 2006–2011 among adults with diabetes.

The number of adults with diagnosed diabetes in the general population was estimated from
the 2006–2011 National Health Interview Survey (NHIS). The NHIS, conducted by the Centers
for Disease Control and Prevention’s National Center for Health Statistics, is an annual house-
hold interview survey of a sample of the civilian, noninstitutionalized US population. House-
hold response rates ranged from 80% to 87% for the 2006–2011 NHIS. Diabetes status was
determined by response to the question, “Have you ever been told by a doctor or other health
professional that you had diabetes?” The total unweighted number of adults with diagnosed
diabetes was 14,838 for 2006–2011. Diabetes treatment status was determined by responses to
questions about taking insulin or diabetic pills. The total unweighted number of adults with
diagnosed diabetes who were being treated was 12,629 for 2006–2011.
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We derived ED visit rates for hypoglycemia and hyperglycemic crisis by using the number
of ED visits for each condition as the numerator and the number of adults with diagnosed dia-
betes as the denominator. We also conducted 2 separate sensitivity analyses on the trends in
ED visit rates for hypoglycemia and hyperglycemic crisis by using all 15 diagnoses from NEDS
and by restricting denominators to adults being treated for diabetes with either insulin or oral
medications. ED visit rates were calculated by age group (aged 18−44 y, 45−64 y, 65−74 y, or
�75 y) and by sex. ED visit rates were age-adjusted by using as the standard the 2010 NHIS
population with diabetes in these 4 age groups.

Our study used secondary public data sources and was therefore exempted from institu-
tional review board.

Statistical Analysis
All analyses were conducted using SAS version 9.1.3 (SAS institute, Inc., Cary, North Carolina)
and SUDAAN version 11.0.1 (Research Triangle Institute, Research Triangle Park, North
Carolina) to account for the complex sample designs of NEDS and NHIS. We combined NEDS
and NHIS data to derive ED visit rates and the associated standard errors and confidence inter-
vals (CIs) based on the Taylor series linearization method. We conducted linear regression to
test trends in ED visit rates or numbers from 2006 to 2011 with weighted least square method
by the inverse of the variance of the estimates in each year. We used t-tests to compare the dif-
ference in percentage or ED visit rates between two groups. Significance was set at P<0.05 for
2-sided tests.

Results

Patient Characteristics
Among adults with diabetes, the weighted number of ED visits for hypoglycemia decreased
from 308,232 in 2006 to 282,254 visits in 2011 (P = 0.0499) (Table 1), and the weighted number
of ED visits for hyperglycemic crisis increased from 129,752 in 2006 to 174,998 in 2011
(P< 0.001). Among all ED visits by adults with diabetes, 3.3% were for hypoglycemia in 2006,
which declined to 2.2% in 2011 (P< 0.001); hyperglycemic crisis accounted for 1.4% in both
2006 and 2011 (P = 0.97). About half of the hypoglycemia visits were by adults aged 65 years or
older, while 58% of hyperglycemic crisis visits were by adults aged 18 to 44 years and only
about 10% were by adults 65 years or older. Compared to hypoglycemia, a larger proportion of
visits for hyperglycemic crisis led to hospital admission (87.6% vs 27.3% in 2011, P< 0.001),
and a greater proportion of these patients died in the ED or hospital (0.5% vs 0.2% in 2011,
P< 0.001).

ED Visit Rates for Hypoglycemia
Age-adjusted ED visit rates for hypoglycemia declined 22%, from 1.8 (95% CI, 1.7 to 1.9) per
100 diabetic adults in 2006 to 1.4 (95% CI, 1.3 to 1.5) per 100 adults with diabetes in 2011 (P
for trend = 0.003) (Table 2). Similar declines were seen for both sexes (P = 0.01 for men and
P = 0.002 for women) (Table 2). Age-specific ED visit rates for hypoglycemia decreased 22%
(P = 0.03) for adults aged 45–64 years, 33% (P< 0.001) for those aged 65–74 years, and 22%
(P = 0.02) for those aged 75 years or older, but there was no consistent trend for adults 18–44
years (P = 0.31) (Table 2).

ED visit rates for hypoglycemia displayed a J-shaped curve across age, with the highest rate
in adults aged 75 years or older (2.4 (95% CI, 2.2 to 2.7) per 100 people in 2011), about twice
the rates for adults 65–74 years (1.2 (95% CI, 1.1 to 1.3) per 100) and 45–64 years (1.0 (95% CI,
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0.9 to 1.1) per 100); adults aged 18 to 44 years had the next highest rates (1.7 (95% CI, 1.5 to
1.9) per 100) (all P< 0.001 for pairwise comparisons between age groups). The rates were simi-
lar between men and women (P = 0.31) (Table 2).

ED Visit Rates for Hyperglycemic Crisis
There was no discernable linear trend in overall age-adjusted ED visit rates for hyperglycemic
crisis, with rates of 0.7 (95% CI, 0.6 to 0.8) per 100 persons in 2006 and 0.9 (95% CI, 0.8 to 1.0)
per 100 persons in 2011 (P = 0.17) (Table 2). Although there was also no significant linear
trend for men (P = 0.44) during the time period, ED visit rates for hyperglycemic crisis
increased for women (P = 0.01) (Table 2). Age-specific rates increased 17% for adults 65–74
years (P = 0.02) but did not change significantly for other age groups (all P>0.05) (Table 2).

Rates of hyperglycemic crisis were highest among adults aged 18 to 44 years (3.7 (95% CI,
3.2 to 4.2) per 100 people in 2011) and much lower in older age groups (0.6 for those aged 45–
54 y (95% CI, 0.5 to 0.6), 0.2 (95% CI, 0.2 to 0.2) for those aged 65–74 y, and 0.2 (95% CI, 0.2 to
0.2) for those� 75 y) (P = 0.72 for the difference between 65–74 y and�75 y and P< .001 for
all other comparisons between age groups). Thus the rates for adults aged 18–44 years were 6
to 18 times that of other age groups. The rates were similar between men and women
(P = 0.12) (Table 2).

Sensitivity Analyses
We conducted sensitivity analyses to examine whether trends in ED visit rates for both condi-
tions differed when the denominator for rates was restricted to the respondents with diabetes

Table 1. Characteristics of Emergency Department Visits for Hypoglycemia or Hyperglycemic Crisis Among Adults With Diagnosed Diabetes.

Characteristic Hypoglycemia, n a (%) Hyperglycemic Crisis, n a (%)

2006 (N = 65,407) 2011 (N = 63,972) 2006 (N = 27,627) 2011 (N = 39,718)

% of total ED visits by diabetic adults 3.3 2.2 1.4 1.4

Age, y

18–44 11,440 (17.6) 10,439 (16.4) 17,146 (61.9) 22,947 (57.9)

45–64 20,780 (32.0) 21,672 (34.0) 8,111 (29.5) 12,869 (32.3)

65–74 13,264 (20.2) 13,472 (20.9) 1,281 (4.7) 2,290 (5.8)

�75 19,923 (30.2) 18,389 (28.6) 1,089 (3.9) 1,612 (4.1)

Female sex 34,717 (53.1) 33,115 (51.6) 13,551 (48.9) 19,344 (48.6)

Expected primary payer (18–64 years)

Medicare 8,712 (27.0) 9,143 (28.5) 3,486 (13.8) 5,890 (16.5)

Medicaid 6,858 (21.8) 7,734 (24.4) 6,215 (25.1) 10,085 (28.5)

Private insurance 10,704 (33.2) 9,024 (28.4) 7,786 (30.7) 9,591 (27.1)

Uninsured or other 5,842 (18.1) 6,113 (18.6) 7,696 (30.5) 10,135 (27.9)

Discharge disposition

Treated and released 4,3965 (67.5) 43,261 (67.5) 1,692 (6.1) 4,362 (10.2)

Admitted 16,997 (25.7) 17,334 (27.3) 25,272 (91.4) 34,420 (87.6)

Otherb 4,445 (6.7) 3,377 (5.2) 663 (2.5) 936 (2.2)

Died (in the ED or in the hospital) 150 (0.2) 139 (0.2) 186 (0.7) 190 (0.5)

Abbreviation: ED, emergency department. Data from the Nationwide Emergency Department Sample.
aUnweighted numbers.
b Including transfers to skilled nursing facility, intermediate care, home health care, against medical advice, died in ED, and unknown destinations.

doi:10.1371/journal.pone.0134917.t001
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who were being treated with insulin or oral medication. Although rates for the treated popula-
tion were higher than for the overall population with diabetes, trends were consistent
(Table 3). Further, when we used all listed diagnoses instead of only the primary diagnosis to
define the conditions, trends overall and for most subgroups remained unchanged (data not
shown).

Table 2. Emergency Department Visit Rates for Hypoglycemia and Hyperglycemic Crisis Among Adults With Diagnosed Diabetes, 2006–2011.

Characteristic

Rate per 100 (95% CI) Percentage Change (95%
CI)

P for
Trend

2006 2007 2008 2009 2010 2011

Hypoglycemia

Crude rate by age, y

Overall 1.8
(1.7,1.9)

1.8
(1.7,2.0)

1.6
(1.5,1.8)

1.5
(1.3,1.6)

1.5
(1.4,1.6)

1.4
(1.3,1.5)

-23.9 (-31.8,-15.9) 0.003

18 to 44 1.9
(1.6,2.1)

2.2
(1.8,2.5)

2.0
(1.6,2.3)

1.4
(1.2,1.7)

1.7
(1.4,1.9)

1.7
(1.5,1.9)

-7.6 (-26.3,11.1) 0.31

45 to 64 1.3
(1.1,1.4)

1.3
(1.1,1.4)

1.1
(1.0,1.2)

1.0
(0.9,1.1)

1.1
(1.0,1.2)

1.0
(0.9,1.1)

-22.0 (-33.5,-10.6) 0.03

65 to 74 1.8
(1.6,2.0)

1.7
(1.5,1.9)

1.6
(1.4,1.8)

1.5
(1.3,1.7)

1.4
(1.2,1.5)

1.2
(1.1,1.3)

-32.8 (-43.1,-22.4) <0.001

�75 3.1
(2.7,3.6)

3.3
(2.9,3.8)

3.2
(2.8,3.7)

2.8
(2.4,3.1)

2.4
(2.1,2.6)

2.4
(2.2,2.7)

-22.3 (-36.1,-8.5) 0.02

Age-adjusted, by sexa

Overall 1.8
(1.7,1.9)

1.9
(1.7,2.0)

1.7
(1.6,1.8)

1.5
(1.4,1.6)

1.5
(1.4,1.5)

1.4
(1.3,1.5)

-22.2 (-30.3,-14.2) 0.003

Men 1.8
(1.6,2.0)

1.8
(1.6,2.0)

1.7
(1.5,1.9)

1.4
(1.3,1.5)

1.4
(1.3,1.5)

1.4
(1.3,1.5)

-23.5 (-33.5,-13.5) 0.01

Women 1.8
(1.6,2.0)

1.9
(1.7,2.0)

1.7
(1.5,1.8)

1.6
(1.4,1.7)

1.5
(1.4,1.7)

1.4
(1.3,1.6)

-21.0 (-30.4,-11.6) 0.002

Hyperglycemic
crisis

Crude rate by age, y

Overall 0.8
(0.7,0.8)

0.8
(0.7,0.8)

0.8
(0.7,0.8)

0.7
(0.7,0.8)

0.8
(0.7,0.8)

0.8
(0.8,0.9)

11.8 (0.2,23.4) 0.28

18 to 44 2.7
(2.3,3.2)

3.5
(2.8,4.1)

3.3
(2.7,3.9)

2.7
(2.3,3.1)

3.1
(2.7,3.6)

3.7
(3.2,4.2)

36.0 (8.9,63.1) 0.30

45 to 64 0.5
(0.4,0.5)

0.5
(0.4,0.6)

0.5
(0.4,0.5)

0.5
(0.4,0.5)

0.5
(0.5,0.6)

0.6
(0.5,0.6)

18.4 (-0.2,37.0) 0.11

65 to 74 0.2
(0.2,0.2)

0.2
(0.1,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

16.7 (-0.1,33.4) 0.02

�75 0.2
(0.1,0.2)

0.2
(0.1,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

0.2
(0.2,0.2)

23.5 (5.2,41.9) 0.10

Age-adjusted, by sexa

Overall 0.7
(0.6,0.8)

0.8
(0.7,0.9)

0.8
(0.7,0.9)

0.7
(0.6,0.8)

0.8
(0.7,0.8)

0.9
(0.8,1.0)

29.0 (10.4,47.5) 0.17

Men 0.7
(0.6,0.8)

0.9
(0.7,1.0)

0.8
(0.7,0.9)

0.7
(0.6,0.8)

0.8
(0.7,0.9)

0.9
(0.8,1.1)

28.4 (5.1,51.7) 0.44

Women 0.7
(0.6,0.7)

0.7
(0.6,0.8)

0.7
(0.6,0.8)

0.7
(0.6,0.8)

0.8
(0.7,0.9)

0.8
(0.7,0.9)

29.2 (7.5,50.9) 0.01

Abbreviation: CI, confidence interval.

Data from the Nationwide Emergency Department Sample and National Health Interview Survey (NHIS).
a Age-adjusted to population with diabetes in 2010 based on NHIS using age groups 18–44 years, 45–64 years, 65–74 years, and �75 years.

Boldface indicates statistical significance (p<0.05)

doi:10.1371/journal.pone.0134917.t002
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Discussion
Using nationally representative data, we estimated annual ED visit rates for hypoglycemia
and hyperglycemic crisis among adults with diagnosed diabetes. The 2 conditions together
accounted for 3.6% of all ED visits by adults with diabetes in 2011. Amid concerns about the
potential hazards of overly aggressive glycemic control targets, we found that ED visit rates for
hypoglycemia declined during 2006–2011. Rates for hyperglycemic crisis did not change signif-
icantly overall, although they increased for adults aged 65–74 years and for women.

Several factors may have contributed to the declining rates of ED visits for hypoglycemia
between 2006 and 2011. First, glycemic control targets may have relaxed during the study
period and consequently lowered the hypoglycemia incidence. Analysis of trends in national
representative A1c data found that while the proportion of diabetic adults with A1c< 7%
increased substantially from 1999 to mid-2000s, this proportion leveled off or decreased for
some population subgroups between 2006–2010[12,13]. This change in trend could reflect
adjustments to diabetes management strategies due to clinical experience or findings of studies
on hypoglycemia [14–16]. Further, findings from major clinical trials [2–4] published during
latter part of the study period highlighted the potential harms of hypoglycemia might have
reinforced any relaxation of glycemic targets. Second, patterns of diabetes medication use may

Table 3. Emergency Department Visit Rates for Hypoglycemia and Hyperglycemic Crisis Among Adults With Treated Diabetes 2006–2011.

Characteristic Rate per 100 (95% CI) Percentage change P for Trend

2006 2007 2008 2009 2010 2011

Hypoglycemia

Crude rate, by age, y

Overall 2.2 (2.0,2.4) 2.2 (2.0,2.3) 2.0 (1.8,2.1) 1.8 (1.6,1.9) 1.7 (1.6,1.8) 1.6 (1.5,1.7) -26.1 (-34.2,-18.1) <0.001

18 to 44 2.7 (2.2,3.2) 3.2 (2.6,3.7) 3.0 (2.3,3.6) 2.1 (1.7,2.4) 2.2 (1.9,2.6) 2.2 (1.8,2.5) -19.3 (-38.1,-0.6) 0.10

45 to 64 1.5 (1.4,1.7) 1.5 (1.3,1.6) 1.3 (1.1,1.4) 1.2 (1.1,1.3) 1.2 (1.1,1.4) 1.2 (1.1,1.2) -23.8 (-34.1,-13.6) 0.02

65 to 74 2.0 (1.8,2.3) 1.8 (1.6,2.1) 1.8 (1.6,2.0) 1.7 (1.5,1.9) 1.6 (1.4,1.7) 1.4 (1.3,1.5) -30.9 (-41.8,-19.9) <0.001

�75 3.6 (3.1,4.1) 3.8 (3.2,4.4) 3.7 (3.1,4.2) 3.2 (2.8,3.6) 2.7 (2.4,3.1) 2.8 (2.5,3.2) -22.1 (-36.4,-7.8) 0.01

Age-adjusted By sexa

Overall 2.2 (2.0,2.3) 2.2 (2.0,2.4) 2.1 (1.9,2.2) 1.8 (1.6,1.9) 1.7 (1.6,1.9) 1.7 (1.5,1.8) -24.0 (-32.2,-15.7) 0.002

Men 2.2 (1.9,2.4) 2.2 (1.9,2.4) 2.0 (1.8,2.3) 1.7 (1.5,1.8) 1.6 (1.4,1.8) 1.6 (1.4,1.7) -27.6 (-37.7,-17.6) 0.006

Women 2.2 (1.9,2.4) 2.2 (2.0,2.5) 2.1 (1.8,2.3) 1.9 (1.7,2.1) 1.8 (1.7,2.0) 1.7 (1.6,1.9) -19.9 (-30.7,-9.1) 0.001

Hyperglycemic crisis

Crude rate, by age, y

Overall 0.9 (0.8,1.0) 0.9 (0.8,1.0) 0.9 (0.8,1.0) 0.9 (0.8,1.0) 0.9 (0.8,1.0) 1.0 (0.9,1.1) 8.7 (-3.9,21.3) 0.38

18 to 44 4.0 (3.3,4.7) 5.0 (4.1,6.0) 5.0 (4.0,6.0) 3.9 (3.3,4.6) 4.3 (3.5,5.0) 4.7 (4,5.4.0) 18.8 (-8.2,45.9) 0.72

45 to 64 0.6 (0.5,0.6) 0.6 (0.5,0.6) 0.5 (0.5,0.6) 0.6 (0.5,0.6) 0.6 (0.6,0.7) 0.7 (0.6,0.7) 15.3 (0,30.5) 0.11

65 to 74 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.3) 20.0 (4.7,35.3) 0.04

�75 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.2 (0.2,0.2) 0.3 (0.2,0.3) 25.0 (-6.4,56.4) 0.08

Age-adjusted, by sexa

Overall 0.9 (0.8,1.0) 1.1 (0.9,1.2) 1.1 (0.9,1.2) 0.9 (0.8,1.0) 1.0 (0.9,1.1) 1.1 (1,1.2.0) 18.5 (-1.3,38.3) 0.40

Men 1.0 (0.8,1.1) 1.1 (0.9,1.3) 1.1 (0.8,1.3) 0.9 (0.7,1.0) 0.9 (0.8,1.1) 1.1 (0.9,1.3) 12.2 (-11.8,36.3) 0.90

Women 0.9 (0.7,1.0) 1.0 (0.8,1.2) 1.1 (0.9,1.3) 1.0 (0.9,1.1) 1.0 (0.9,1.2) 1.1 (0.9,1.2) 24.1 (-1.0,49.3) 0.04

Abbreviations: ED, emergency department; CI, confidence interval.

Data from the Nationwide Emergency Department Sample and National Health Interview Survey (NHIS).
a Age-adjusted to population of adults with diabetes in 2010 based on NHIS, using age groups 18–44 years, 45–64 years, 65–74 years, and �75 years.

Boldface indicates statistical significance (p<0.05)

doi:10.1371/journal.pone.0134917.t003
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have changed, particularly as safer choices became available with pharmaceutical advances. For
example, the use of sulfonylureas has declined in favor of drugs that are less likely to cause
hypoglycemia, such as metformin and DPP-4 inhibitors [17,18]. Furthermore, this progress
may be more attributable to oral medications than to new insulin form because, the use of the
new insulin such as glargine was stable and the use of detemir doubled but remained low (16%)
during our study period[19], despite that studies showed that glargine and detemir cause less
hypoglycemia compared to neutral protamine Hagedorn inslulin [20–22].

The reasons why young adults aged 18–44 years had different trends in hypoglycemia from
the older populations are less clear. Young adults are more likely than older adults to use insu-
lin, but unfortunately we could not use the ED data to investigate the trends by type of medica-
tion. Also, glycemic control targets may not have relaxed for young adults compared to older
adults considering their longer life-expectancy and importance of preventing later complica-
tions. This practice pattern may be related to the observed unchanging hypoglycemia rates for
young adults. In fact, we found that ED visits resulting from lack of glycemic control–either
hypoglycemia or hyperglycemia–were problematic for young adults. Persons aged 18–44 years
have hyperglycemic crisis rate 6 to 18 times that of other age groups and high hypoglycemia
rate second only to those aged 75 years or older. Ali et al also revealed that young adults were
more likely to have poor A1c levels and showed no improvement in glycemic control between
1999–2002 and 2007–2010 [23]. Effective strategies to safely improve glycemic control need to
be identified for this population since they will spend a greater proportion of their lives suffer-
ing from the possible consequences of poor glycemic control.

Direct comparison of our estimates on rates with other studies [24–27] is not appropriate
because of differences in time periods, case definitions, and populations included. Our findings
on the trends in hypoglycemia rates are similar to a prior study which showed that hospital
admissions for hypoglycemia among Medicare beneficiaries declined after 2007 [28]. However,
our study on ED visit rates included younger age groups and found that the trends were not
improving for persons aged 18–44 years. Consistently, our study and these prior studies have
all found that hypoglycemia rates were highest for people aged 75 years or older. These findings
indicate, as the American Diabetes Association, the Endocrine Society and the American Geri-
atrics Society [9,29] recommend, it is important to set individualized glycemic goals and to
provide education to patients and their caregivers on proper use of insulin, recognizing hypo-
glycemia, and seeking treatment to prevent hypoglycemia in older adults. On the other hand, it
may be surprising that those aged 75 years or older did not have higher hyperglycemic crisis
rates given the increased vulnerability their age conveys. Although the underlying reasons can-
not be determined from ED data, the lower rates among those aged 75 years or older appear
consistent with US trends on death rates for hyperglycemic crisis. Gregg et al found that death
rates from hyperglycemic crisis in the US decreased more sharply for people 75 years or older
than those aged 20–44 years over the past two decades, such that by 2010 the death rate of
those 75 years or older reached 30% lower than those aged 20–44 years [30].

Limitations
Our study has a number of limitations. First, our ED visit rates for hypoglycemia do not
represent total hypoglycemia incidence because mild cases that did not require ED visit were
not included. Second, because NEDS samples visits rather than patients, our results overesti-
mated the number of people making ED visits. Third, information on type of diabetes, type of
treatment, race/ethnicity, and patient fragility was not available for the ED data. Fourth, insti-
tutionalized individuals were not included in the denominators for calculating rates and thus
our estimated ED visit rates may be overestimated. Fifth, because sample size in NHIS is
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insufficient to estimate the population with diabetes who are younger than 18 years, our study
included only adults. Lastly, since our study only includes six years of data, continued monitor-
ing is necessary to confirm trends.

Conclusions
An important goal for diabetes treatment is to achieve euglycemia without hypoglycemia.
Monitoring trends in hypoglycemia and hyperglycemic crisis provide feedback to assess glyce-
mic control strategies. At a time when hypoglycemia from overly aggressive glycemic reduction
is a serious concern, our nationally representative data suggest that national hypoglycemia
rates are improving rather than worsening. Meanwhile, rates for hyperglycemic crisis remained
stable. Given the continued development of treatments that bring both benefits and risks, it is
important to continue to monitor these trends over time. Our findings also suggest that future
efforts to prevent these complications should target on the susceptible population of adults
aged 18 to 44 years and those aged 75 years or older.

Acknowledgments
We thank Henry Kahn M.D., Division of Diabetes Translation, CDC for insightful discussions
and Tony Pearson-Clarke, Division of Diabetes Translation, CDC for help on editing.

Disclaimer: The findings and conclusions in this report are those of the authors and do not
necessarily represent the official position of the Centers for Disease Control and Prevention.

Author Contributions
Conceived and designed the experiments: JW LSG EWG. Performed the experiments: JW LSG.
Analyzed the data: JW. Wrote the paper: JW LSG DEW EWG.

References
1. Centers for Disease Control and Prevention National Diabetes Statistics Report: Estiamtes of diabetes

and its burden in the Untied States, 2014. Atlanta, GA: US Department of Health and Human Services.
2014.

2. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD et al. Glucose control and vascu-
lar complications in veterans with type 2 diabetes. N Engl J Med 2009; 360: 129–139. doi: 10.1056/
NEJMoa0808431 PMID: 19092145

3. Action to Control Cardiovascular Risk in Diabetes Study Group. Gerstein HC, Miller ME, Byington RP,
Goff DC Jr, Bigger JT, Buse JB et al. Effects of intensive glucose lowering in type 2 diabetes. N Engl J
Med 2008; 358: 2545–2559. doi: 10.1056/NEJMoa0802743 PMID: 18539917

4. Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M et al. ADVANCE Collaborative
Group. Intensive blood glucose control and vascular outcomes in patients with type 2 diabetes. N Engl
J Med 2008; 358: 2560–2572. doi: 10.1056/NEJMoa0802987 PMID: 18539916

5. Bonds DE, Miller ME, Bergenstal RM, Buse JB, Byington RP, Cutler JA et al. The association between
symptomatic, severe hypoglycaemia and mortality in type 2 diabetes: retrospective epidemiological
analysis of the ACCORD study. BMJ 2010; 340: b4909. doi: 10.1136/bmj.b4909 PMID: 20061358

6. Zoungas S, Patel A, Chalmers J, de Galan BE, Li Q, Billot L et al. ADVANCE Collaborative Group.
Severe hypoglycemia and risks of vascular events and death. N Engl J Med 2010; 363: 1410–1418.
doi: 10.1056/NEJMoa1003795 PMID: 20925543

7. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M et al. Management of hyper-
glycemia in type 2 diabetes: a patient-centered approach: position statement of the American Diabetes
Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes Care
2012; 35: 1364–1379. doi: 10.2337/dc12-0413 PMID: 22517736

8. Cheung NW, Conn JJ, d'EmdenMC, Gunton JE, Jenkins AJ, Ross GP et al. Position statement of the
Australian Diabetes Society: individualisation of glycated haemoglobin targets for adults with diabetes
mellitus. Med J Aust 2009; 6: 339–344.

Trends in Hypoglycemia and Hyperglycemic Crisis

PLOS ONE | DOI:10.1371/journal.pone.0134917 August 7, 2015 8 / 10

http://dx.doi.org/10.1056/NEJMoa0808431
http://dx.doi.org/10.1056/NEJMoa0808431
http://www.ncbi.nlm.nih.gov/pubmed/19092145
http://dx.doi.org/10.1056/NEJMoa0802743
http://www.ncbi.nlm.nih.gov/pubmed/18539917
http://dx.doi.org/10.1056/NEJMoa0802987
http://www.ncbi.nlm.nih.gov/pubmed/18539916
http://dx.doi.org/10.1136/bmj.b4909
http://www.ncbi.nlm.nih.gov/pubmed/20061358
http://dx.doi.org/10.1056/NEJMoa1003795
http://www.ncbi.nlm.nih.gov/pubmed/20925543
http://dx.doi.org/10.2337/dc12-0413
http://www.ncbi.nlm.nih.gov/pubmed/22517736


9. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB et al. Diabetes in older adults: a con-
sensus report. J AmGeriatr Soc 2012; 60: 2342–2356. doi: 10.1111/jgs.12035 PMID: 23106132

10. Ginde A, Blanc P, Lieberman R, Camargo C Validation of ICD-9-CM coding algorithm for improved
identification of hypoglycemia visits. BMC Endocrine Disorders 2008; 8: 4. doi: 10.1186/1472-6823-8-4
PMID: 18380903

11. Johnson ES, Koepsell TD, Reiber G, Stergachis A, Platt R Increasing incidence of serious hypoglyce-
mia in insulin users. J Clin Epidemiol 2002; 55: 253–259. doi: 10.1016/S0895-4356(01)00479-6 PMID:
11864796

12. Stark Casagrande S, Fradkin JE, Saydah SH, Rust KF, Cowie CC The prevalence of meeting A1c,
blood pressure, and LDL goals among people with diabetes, 1988–2010. Diabetes Care 2013; 36:
2271–2279. doi: 10.2337/dc12-2258 PMID: 23418368

13. Wong ND, Patao C, Wong K, Malik S, Franklin SS, Iloeje U Trends in control of cardiovascular risk fac-
tors among US adults with type 2 diabetes from 1999 to 2010: comparison by prevalent cardiovascular
disease status. Diabetes and Vascular Disease Research 2013; 10: 505–513. doi: 10.1177/
1479164113496828 PMID: 23975724

14. Budnitz DS, Shehab N, Kegler SR, Richards CL Medication use leading to emergency department vis-
its for adverse drug events in older adults. Annals of Internal Medicine 2007; 147: 755–765. doi: 10.
7326/0003-4819-147-11-200712040-00006 PMID: 18056659

15. Holstein A, Plaschke A, Egberts EH Clinical characterisation of severe hypoglycaemia-a prospective
population-based study. Experimental and Clinical Endocrinology & Diabetes 2003; 111: 364–369.

16. Leese GP,Wang J, Broomhall J, Kelly P, Marsden A, MorrisonW et al. Frequency of severe hypoglyce-
mia requiring emergency treatment in type 1 and type 2 diabetes: a population-based study of health
service resource use. Diabetes Care 2003; 26: 1176–1180. PMID: 12663593

17. Del Prato S Dipeptidyl peptidase 4 inhibition and vildagliptin therapy for type 2 diabetes. Int J Clin Pract
Suppl 2007; 154: 38–48. PMID: 17593276

18. Turner LW, Nartey D, Stafford RS, Singh S, Caleb Alexander G Ambulatory treatment of type 2 diabe-
tes mellitus in the United States, 1997–2012. Diabetes Care 2013; 37: 985–992. doi: 10.2337/dc13-
2097 PMID: 24198301

19. Lipska KJ, Ross JS, Van Houten HK, Beran D, Yudkin JS, Shah ND Use and out-of-pocket costs of
insulin for type 2 diabetes mellitus from 2000 through 2010. JAMA 2014; 311: 2331–2333. doi: 10.
1001/jama.2014.6316 PMID: 24915266

20. Hermansen K, Davies M, Derezinski T, Martinez Ravn G, Clauson P, Home P A 26-week, randomized,
parallel, treat-to-target trial comparing insulin detemir with nph insulin as add-on therapy to oral glu-
cose-lowering drugs in insulin-naive people with type 2 diabetes. Diabetes Care 2006; 29: 1269–1274.
PMID: 16732007

21. Riddle MC, Rosenstock J, Gerich J The Treat-to-Target Trial: Randomized addition of glargine or
human NPH insulin to oral therapy of type 2 diabetic patients. Diabetes Care 2003; 26: 3080–3086.
PMID: 14578243

22. Sreenan S, Virkamäki A, Zhang K, Hansen JB, on behalf of the PREDICTIVE study group Switching
from NPH insulin to once-daily insulin detemir in basal-bolus-treated patients with diabetes mellitus:
data from the European cohort of the PREDICTIVE study. International Journal of Clinical Practice
2008; 62: 1971–1980. doi: 10.1111/j.1742-1241.2008.01939.x PMID: 19166444

23. Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G, Gregg EWAchievement of goals in U.S.
diabetes care, 1999–2010. N Engl J Med 2013; 368: 1613–1624. doi: 10.1056/NEJMsa1213829
PMID: 23614587

24. Ginde AA, Pelletier AJ, Camargo CA National study of U.S. emergency department visits with diabetic
ketoacidosis, 1993–2003. Diabetes Care 2006; 29: 2117–2119. PMID: 16936163

25. Barranco RJ, Gomez-Peralta F, Abreu C, Delgado M, Palomares R, Romero F et al. Incidence and
care-related costs of severe hypoglycaemia requiring emergency treatment in Andalusia (Spain): the
PAUEPAD project. Diabet Med 2015; n/a.

26. Geller AI, Shehab N, Lovegrove MC National estimates of insulin-related hypoglycemia and errors
leading to emergency department visits and hospitalizations. JAMA Internal Medicine 2014; 174: 678–
686. doi: 10.1001/jamainternmed.2014.136 PMID: 24615164

27. Ginde AA, Espinola JA, Camargo CA Trends and disparities in U.S. emergency department visits for
hypoglycemia, 1993–2005. Diabetes Care 2008; 31: 511–513. PMID: 18025407

28. Lipska KJ, Ross JS, Wang Y National trends in US hospital admissions for hyperglycemia and hypogly-
cemia among medicare beneficiaries, 1999 to 2011. JAMA Internal Medicine 2014; 174: 1116–1124.
doi: 10.1001/jamainternmed.2014.1824 PMID: 24838229

Trends in Hypoglycemia and Hyperglycemic Crisis

PLOS ONE | DOI:10.1371/journal.pone.0134917 August 7, 2015 9 / 10

http://dx.doi.org/10.1111/jgs.12035
http://www.ncbi.nlm.nih.gov/pubmed/23106132
http://dx.doi.org/10.1186/1472-6823-8-4
http://www.ncbi.nlm.nih.gov/pubmed/18380903
http://dx.doi.org/10.1016/S0895-4356(01)00479-6
http://www.ncbi.nlm.nih.gov/pubmed/11864796
http://dx.doi.org/10.2337/dc12-2258
http://www.ncbi.nlm.nih.gov/pubmed/23418368
http://dx.doi.org/10.1177/1479164113496828
http://dx.doi.org/10.1177/1479164113496828
http://www.ncbi.nlm.nih.gov/pubmed/23975724
http://dx.doi.org/10.7326/0003-4819-147-11-200712040-00006
http://dx.doi.org/10.7326/0003-4819-147-11-200712040-00006
http://www.ncbi.nlm.nih.gov/pubmed/18056659
http://www.ncbi.nlm.nih.gov/pubmed/12663593
http://www.ncbi.nlm.nih.gov/pubmed/17593276
http://dx.doi.org/10.2337/dc13-2097
http://dx.doi.org/10.2337/dc13-2097
http://www.ncbi.nlm.nih.gov/pubmed/24198301
http://dx.doi.org/10.1001/jama.2014.6316
http://dx.doi.org/10.1001/jama.2014.6316
http://www.ncbi.nlm.nih.gov/pubmed/24915266
http://www.ncbi.nlm.nih.gov/pubmed/16732007
http://www.ncbi.nlm.nih.gov/pubmed/14578243
http://dx.doi.org/10.1111/j.1742-1241.2008.01939.x
http://www.ncbi.nlm.nih.gov/pubmed/19166444
http://dx.doi.org/10.1056/NEJMsa1213829
http://www.ncbi.nlm.nih.gov/pubmed/23614587
http://www.ncbi.nlm.nih.gov/pubmed/16936163
http://dx.doi.org/10.1001/jamainternmed.2014.136
http://www.ncbi.nlm.nih.gov/pubmed/24615164
http://www.ncbi.nlm.nih.gov/pubmed/18025407
http://dx.doi.org/10.1001/jamainternmed.2014.1824
http://www.ncbi.nlm.nih.gov/pubmed/24838229


29. Seaquist ER, Anderson J, Childs B, Cryer P, Dagogo-Jack S, Fish L et al. Hypoglycemia and diabetes:
a report of a workgroup of the American Diabetes Association and The Endocrine Society. Diabetes
Care 2013; 36: 1384–1395. doi: 10.2337/dc12-2480 PMID: 23589542

30. Gregg EW, Li Y, Wang J, Rios Burrows N, Ali MK, Rolka D et al. Changes in diabetes-related complica-
tions in the United States, 1990–2010. N Engl J Med 2014; 370: 1514–1523. doi: 10.1056/
NEJMoa1310799 PMID: 24738668

Trends in Hypoglycemia and Hyperglycemic Crisis

PLOS ONE | DOI:10.1371/journal.pone.0134917 August 7, 2015 10 / 10

http://dx.doi.org/10.2337/dc12-2480
http://www.ncbi.nlm.nih.gov/pubmed/23589542
http://dx.doi.org/10.1056/NEJMoa1310799
http://dx.doi.org/10.1056/NEJMoa1310799
http://www.ncbi.nlm.nih.gov/pubmed/24738668

