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IMPORTANCE The increasing intensity of diabetes mellitus management over the past decade Supplemental content at
may have resulted in lower rates of hyperglycemic emergencies but higher rates of hospital jamainternalmedicine.com
admissions for hypoglycemia among older adults. Trends in these hospitalizations and
subsequent outcomes are not known.

OBJECTIVE To characterize changes in hyperglycemia and hypoglycemia hospitalization rates
and subsequent mortality and readmission rates among older adults in the United States over
a12-year period, and to compare these results according to age, sex, and race.

DESIGN, SETTING, AND PATIENTS Retrospective observational study using data from
33 952 331 Medicare fee-for-service beneficiaries 65 years or older from 1999 to 2011.

MAIN OUTCOMES AND MEASURES Hospitalization rates for hyperglycemia and hypoglycemia,
30-day and 1-year mortality rates, and 30-day readmission rates.

RESULTS A total of 279 937 patients experienced 302 095 hospitalizations for
hyperglycemia, and 404 467 patients experienced 429 850 hospitalizations for
hypoglycemia between 1999 and 2011. During this time, rates of admissions for
hyperglycemia declined by 38.6% (from 114 to 70 admissions per 100 000 person-years),
while admissions for hypoglycemia increased by 11.7% (from 94 to 105 admissions per

100 000 person-years). In analyses designed to account for changing diabetes mellitus
prevalence, admissions for hyperglycemia and hypoglycemia declined by 55.2% and 9.5%,
respectively. Trends were similar across age, sex, and racial subgroups, but hypoglycemia
rates were 2-fold higher for older patients (=75 years) when compared with younger patients
(65-74 years), and admission rates for both hyperglycemia and hypoglycemia were 4-fold
higher for black patients compared with white patients. The 30-day and 1-year mortality and
30-day readmission rates improved during the study period and were similar after an index
hospitalization for either hyperglycemia or hypoglycemia (5.4%, 17.1%, and 15.3%,
respectively, after hyperglycemia hospitalizations in 2010; 4.4%, 19.9%, and 16.3% after
hypoglycemia hospitalizations).

CONCLUSIONS AND RELEVANCE Hospital admission rates for hypoglycemia now exceed those
for hyperglycemia among older adults. Although admissions for hypoglycemia have declined
modestly since 2007, rates among black Medicare beneficiaries and those older than 75 years
remain high. Hospital admissions for severe hypoglycemia seem to pose a greater health
threat than those for hyperglycemia, suggesting new opportunities for improvement in care
of persons with diabetes mellitus.
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Admissions for Hyperglycemia and Hypoglycemia

evere hypoglycemia is the most common acute ad-

verse effect of glucose-lowering therapy among

patients with diabetes mellitus (DM) and is associated
with poor outcomes,'# including death.>® Several recent trials
have raised questions about the benefits of intensive glu-
cose control and have demonstrated harms associated with
these strategies, including severe hypoglycemia®*! and even
mortality.® Older patients, particularly those with multiple
comorbidities, may derive less benefit from intensive strate-
gies to lower glucose levels' and may be more susceptible
to hypoglycemia'® and its consequences. Despite these con-
cerns for older patients, DM care quality metrics established
more than a decade ago have primarily focused on preven-
tion of hyperglycemia and its complications and rewarded
target-based glucose lowering to achieve a hemoglobin A,
(HbA,,) level below 7% of total hemoglobin'4*> and, more
recently, below 8% of total hemoglobin.'® These efforts have
been successful, and the proportion of patients with DM
achieving HbA, . levels below these thresholds improved sig-
nificantly between 1999 and 2010.'7'® However, the conse-
quences of these changes may include increased rates of
hypoglycemia. (To convert HbA,. to a proportion of total
hemoglobin, multiply by 0.01.)

Accordingly, we sought to characterize rates of hospital ad-
missions for hyperglycemia and hypoglycemia during the pe-
riod of time when glycemic control improved, using a 100%
sample of Medicare beneficiaries from 1999 to 2011. We hy-
pothesized that the adoption of more intensive glycemic con-
trol strategies may have reduced rates of severe hyperglyce-
mia but may have increased hypoglycemia. Because glycemic
control®' and complications of treatment®>>3 are known to
differ among elderly individuals and black adults, we also in-
vestigated whether trends in admissions for hyperglycemiaand
hypoglycemia differed among patients across age, sex, and ra-
cial subgroups. Given the limited data on outcomes following
hospitalization for hyperglycemia and hypoglycemia, we also
evaluated changes in short- and long-term mortality and re-
admission rates following hospitalization to understand im-
plications of these events for older adults.?* Finally, using na-
tionally representative survey data from the Centers for Disease
Control and Prevention, we performed additional analyses to
estimate rates of hospitalizations among Medicare beneficia-
ries with DM, because DM prevalence increased over the study
period.?

Methods

Institutional review board approval was obtained through
the Yale University Human Investigation Committee, and
the requirement for informed consent was waived based on
the nature of the study. We used inpatient National Claims
History files from the Centers for Medicare and Medicaid
Services (CMS) to identify all fee-for-service (FFS) Medicare
beneficiaries from 1999 to 2011 and excluded beneficiaries if
they were younger than 65 years or were hospitalized or
resided outside of the 50 US states, the District of Columbia,
and Puerto Rico.
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Main Outcome Measures

To characterize relevant DM events among Medicare benefi-
ciaries, we examined the following 5 outcome measures: hy-
perglycemia and hypoglycemia hospitalization rates, subse-
quent 30-day and 1-year mortality, and 30-day readmission
rates.

Hyperglycemia and Hypoglycemia Hospitalization Rates

We defined hospitalizations for hyperglycemia and hypogly-
cemia as admissions to an acute care hospital for a principal
discharge diagnosis of hyperglycemia or hypoglycemia based
on validated methods (eTable 1in the Supplement).> The out-
comes did not include observation stays, emergency depart-
ment visits, or secondary diagnoses of hyperglycemia or hy-
poglycemia (because they may have occurred during
hospitalization or secondary to another acute event). For each
year, we calculated hospitalization rates by dividing the total
number of hospital admissions for hyperglycemia or hypogly-
cemia (numerator) by the total accumulated person-years of
time (denominator). Because our intent was to describe the
overall burden of these hospitalizations on the health care sys-
tem, the denominator included all eligible Medicare FFS ben-
eficiaries and was not limited to persons with DM. The use of
all eligible beneficiaries also ensured that the denominator was
standardized over time and was not affected by changes in the
severity of diagnosed DM. To account for new enrollment, dis-
enrollment, or death during an index year, we calculated per-
son-years for each beneficiary. All rates are reported per 100 000
person-years.

30-Day and 1-Year Mortality Outcomes

For all patients admitted for hyperglycemia and hypoglyce-
mia in a given year, we determined 30-day and 1-year mortal-
ity using the CMS vital status file (which included in-hospital
and out-of-hospital mortality). If a patient had more than 1ad-
mission in a given year, 1 hospitalization was selected at ran-
dom. The admission date represented “time zero” for the mor-
tality analysis. We then examined the proportion of patients
who died within the 30-day and 1-year of admission.

30-Day Readmission Outcome

To generate 30-day all-cause readmission rates, we calcu-
lated the proportion of patients who were discharged alive, not
transferred to another acute care hospital, and readmitted to
any hospital within 30 days of discharge, consistent with the
CMS publicly reported readmission measures.?%28

Sample Characteristics

We examined the following characteristics of patients admit-
ted for hyperglycemia and hypoglycemia in each year: age (65-
74, 75-84, and =85 years), sex, race (white, black, other), and
the presence of 20 key comorbidities. We focused on comor-
bidities that are currently used to produce hospital risk-
standardized 30-day mortality rates by the CMS for profiling
hospital performance for myocardial infarction,?® heart
failure,?” and pneumonia.?® We identified these comorbidi-
ties from secondary diagnosis codes recorded at the time of
discharge from hospitalization for hyperglycemia and hypo-
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glycemia as well as primary or secondary diagnosis codes of
all inpatient hospitalizations up to 1 year before the index hos-
pitalization.

Statistical Analysis

To analyze whether changes over time in the primary out-
comes (hyperglycemia and hypoglycemia hospitalizations,
mortality and readmission rates) were statistically signifi-
cant, we used the Mantel-Haenszel x* test. We also used this
testin prespecified demographic subgroups (age, sex, and race).
To estimate the national trend in hyperglycemia and hypogly-
cemia hospitalization rates over time, we calculated the total
number of hospitalizations and the total person-years in each
state by year for 18 demographic combinations—representing
3 age categories (65-74, 75-84, and =85 years), 2 sex catego-
ries, and 3 race categories (white, black, other). We then fit-
ted a generalized linear mixed-effects model with a Poisson
link function, adjusting for age, sex, and race. The log-
transformed total person-years value was used as an offset in
the model to obtain the expected number of hospitalizations.
Using year 1999 as the baseline year, we included 12 dummy
time variables, representing subsequent years from 2000 to
2011, to assess the trend in hospitalizations over the study pe-
riod. To estimate the national trend in 1-year and 30-day mor-
tality rates over time, we fitted a linear mixed-effects model
with a logit link function and state-specific random inter-
cepts, adjusting for patient covariates from previously vali-
dated mortality models including age, sex, race, 20 comor-
bidities available from administrative coding, and the 12
dummy time variables. Using the baseline year as the refer-
ence year, we calculated the risk-adjusted incidence rate ra-
tio for hospitalization and the risk-adjusted odds ratio (OR) for
mortality and readmission in each subsequent year. We used
the method of Zhang and Yu®® to convert OR values obtained
from the mixed-effects modeling to relative risk estimates. We
then used the derived relative risk values to calculate risk-
adjusted mortality and readmission rates for each year. For 30-
day all-cause readmission rates, we constructed a Cox propor-
tional model with state-specific random intercepts and the time
variables, adjusting for patient demographics and comorbidi-
ties. To determine whether time trends varied across age, sex,
and racial subgroups, we calculated interactions using time as
an ordinal variable (baseline year 1999 to 2010) for hospital-
ization, mortality, and readmission outcomes.

All analyses were performed using SAS statistical soft-
ware (version 9.3; 64-bit version; SAS Institute Inc). P < .05 (2-
sided test) was considered statistically significant. To facili-
tate data presentation, patient characteristics were reported
in 2-year intervals over the study period.

Additional Analyses

In calculating hospitalization rates, we did not limit our de-
nominator to patients with a known diagnosis of DM. To es-
timate rates of hospitalizations among Medicare beneficia-
ries with DM, we used data from the Behavioral Risk Factors
Surveillance System (BRFSS) to estimate the prevalence of self-
reported DM among adults 65 years or older during each year.
We used the BRFSS-based proportion of older adults with DM
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to estimate the number of Medicare FFS beneficiaries with DM
during each year and to approximate rates of admissions per
100 000 person-years with DM. Analyses for 2011 were not per-
formed because the method for weighting changed during that
year, precluding direct comparison with previous years.

Finally, to assess whether increasing prevalence of hospi-
tal observation services (not captured within the CMS inpa-
tient data files) accompanied by a downward shift in inpa-
tient admissions among Medicare beneficiaries*° may have led
to the decline in admission rates for hyperglycemia or hypo-
glycemia, we restricted the sample to hospitalizations with a
length of stay (LOS) longer than 2 days and assessed trends in
these hospitalization rates over time. Presumably, these lon-
ger hospitalizations would be less likely affected by shifts into
an “observation status” designation.

. |
Results

Sample Characteristics

The final sample consisted of 33 952 331 unique individual
Medicare beneficiaries 65 years or older who contributed a total
0f'363 261 068 person-years of observation from 1999 to 2011.
Characteristics of patients hospitalized for hyperglycemia and
hypoglycemia are reported in Table 1.

Hyperglycemia Hospitalization Trends

There were a total of 302 095 hospitalizations for hyperglyce-
mia contributed by 279 937 beneficiaries from 1999 to 2011. The
observed rate of hospitalization for hyperglycemia declined by
38.6% during this time period, from 114 to 70 hospitalizations
per 100 000 person-years (Figure 1A, eTable 2 in the Supple-
ment). The decline was steepest between 1999 and 2006; sub-
sequently, hospitalizations for hyperglycemia increased slightly
from 66 hospitalizations per 100 000 person-years in 2006 to
70 hospitalizations per 100 000 person-years in 2011. In analy-
ses adjusted for age, race, and sex, the overall incidence risk
ratio (IRR) for hyperglycemia was 0.62 (95% CI, 0.60-0.63) in
2011 relative to the baseline year 1999.

Hypoglycemia Hospitalization Trends

There were a total of 429 850 hospitalizations for hypoglyce-
mia contributed by 404 467 beneficiaries from 1999 to 2011.
The overall observed rate of hospitalization for hypoglyce-
mia increased by 11.7% (from 94 to 105 hospitalizations per
100 000 perso-years) during this time period (Figure 1A, eTable
2 in the Supplement). Admissions for hypoglycemia in-
creased until 2007 (to 130 per 100 000 person-years), and de-
clined subsequently, but remained above the baseline (1999)
levels. In analyses adjusted for age, race, and sex, the overall
IRR for hypoglycemia was 1.11 (95% CI, 1.08-1.13) for 2011 rela-
tive to the baseline year 1999.

Mortality and Readmission Trends

Amongbeneficiaries admitted for hyperglycemia, observed 30-
day mortality rates were 7.1% (95% CI, 6.8%-7.4%) in 1999 and
5.2% (95% CI, 4.9%-5.5%) in 2010, while 1-year mortality rates
were 21.4% (95% CI, 21.0%-21.9%) in 1999 and 17.6% (95% CI,
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Table 1. Characteristics of Patients Hospitalized for Hyperglycemia and Hypoglycemia, 1999 to 2011

Year?

Reason for Hospitalization 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011

Hyperglycemia

Patients, No. 55896 53919 45244 37379 34210 35255 18090°

Demographics
Age, mean (SD), y 77.2 (7.4) 77.0 (7.4) 76.7 (7.4) 76.4 (7.5) 76.3 (7.6) 76.2 (7.7) 76.0 (7.7)
Female 62.5 62.4 61.8 59.5 58.9 57.1 56.6
White 69.7 69.0 67.0 65.4 66.7 67.0 67.1
Black 22.7 22.7 23.9 25.3 24.5 24.7 24.7
Other 7.6 8.3 9.0 9.2 8.8 8.4 8.2

Comorbidities
Congestive heart failure 19.6 20.5 20.8 19.5 18.4 17.9 17.5
Myocardial infarction 34 38 4.0 3.8 3.9 3.7 4.1
Unstable angina 4.0 3.8 3.3 3.0 2.4 2.1 2.0
Atherosclerosis 34.0 35.6 36.5 36.5 36.3 35.0 35.5
Respiratory failure 3.0 3.1 35 4.0 5.4 5.8 6.3
Hypertension 57.1 62.3 66.3 67.8 73.5 75.0 77.4
Stroke 35 3.6 3.4 29 2.8 2.7 2.6
Cerebrovascular disease 8.0 7.8 7.3 6.4 5.9 5.9 6.1
Renal failure 6.2 7.9 9.9 13.1 18.4 21.4 229
COPD 17.9 19.2 19.8 20.0 19.2 17.4 18.0
Pneumonia 11.7 12.6 12.8 12.3 12.8 12.8 13.0
Peripheral vascular 7.5 8.1 8.3 8.2 7.8 7.6 7.4
disease
Cancer 10.0 10.2 10.0 9.9 9.8 9.5 9.0
Trauma 7.4 8.1 8.6 8.7 8.4 8.0 8.8
Psychiatric disease 4.6 49 5.0 49 5.6 5.9 6.2
Liver disease 1.8 1.9 2.0 2.0 2.1 2.1 2.4
Depression 7.3 8.7 9.5 9.4 10.0 10.0 10.8

Geriatric conditions
Malnutrition 4.4 43 4.4 4.7 5.9 7.4 8.0
Dementia 18.2 19.0 20.1 19.7 20.3 20.9 20.3
Functional disability 4.5 4.7 4.7 4.1 3.9 4.7 45

(continued)

17.1%-18.2%) in 2010. Among patients admitted for hypogly-
cemia, the observed 30-day mortality rates were 5.0% (95% CI,
4.7%-5.2%)in 1999 and 5.0% (95% CI, 4.7%-5.2%) in 2010, while
1-year mortality rates were 23.3% (95% CI, 22.8%-23.9%) in 1999
and 22.6% (95% CI, 22.1%-23.0%) in 2010. Thirty-day readmis-
sion rates were 16.0% (95% CI, 15.5%-16.4%) in 1999 and 16.4%
(95% CI, 15.8%-16.9%) in 2010 among patients admitted for hy-
perglycemia and 17.2% (95% CI, 16.8%-17.7%) in 1999 and 18.1%
(95% CI, 17.6%-18.5%) in 2010 among patients admitted for hy-
poglycemia.

In risk-adjusted analyses, mortality and readmission out-
comes after an index hospitalization for hyperglycemia and hy-
poglycemia improved during the study period. Adjusted ORs
for 30-day and 1-year mortality in 2010 compared with base-
line year 1999 were 0.75 (95% CI, 0.69-0.81) and 0.76 (95% CI,
0.72-0.80), respectively, among patients with hyperglycemia
and 0.87 (95% CI, 0.81-0.95) and 0.82 (95% CI, 0.78-0.85), re-
spectively, among patients with hypoglycemia. Adjusted ORs
for 30-day readmission in 2010 compared with 1999 were 0.95
(95% CI, 0.90-1.00) and 0.93 (95% CI, 0.89-0.97) among ben-

jamainternalmedicine.com

eficiaries with hyperglycemia and hypoglycemia, respec-
tively. Risk-adjusted outcomes are shown in Table 2. We found
no statistically significant interactions in trends of 30-day mor-
tality, 1-year mortality, and 30-day readmission rates among
age, sex, and racial subgroups for the hyperglycemia condi-
tion. We found significant interactions by race and age for re-
admission among patients with hypoglycemia. The effects of
these interactions were small (-0.0004 to 0.018).

Hospitalization Rates Stratified by Age, Sex, and Race
Hospitalization rates for both conditions were slightly higher
among women than men (Figure 1B and C). Hospitalization
rates for hypoglycemia were nearly 2-fold higher among older
(=75 years) vs younger (65-74 years) beneficiaries over the study
period (Figure 1D-F). Finally, we observed clinically meaning-
ful differences in admission rates for hyperglycemia and hy-
poglycemia by race over the entire study period (Figure 1G-I).
Black patients had nearly 4-fold higher admission rates for hy-
perglycemia and hypoglycemia compared with white pa-
tients, and these differences persisted over time.
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Table 1. Characteristics of Patients Hospitalized for Hyperglycemia and Hypoglycemia, 1999 to 2011 (continued)

Year®
Reason for Hospitalization 1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011
Hypoglycemia
Patients, No. 50182 62915 67607 69277 66176 60544 278500
Demographics
Age, mean (SD), y 78.0 (7.3) 77.9 (7.3) 77.8 (7.5) 77.9 (7.6) 78.1(7.8) 78.1 (8.0) 78.0 (8.1)
Female 62.4 61.6 60.4 59.5 58.2 57.4 56.9
White 69.0 68.4 67.6 67.1 67.6 67.4 67.2
Black 23.4 23.4 23.4 233 22.8 231 235
Other 7.5 8.2 9.0 9.6 9.6 9.5 9.2
Comorbidities
Congestive heart failure 26.9 27.3 28.1 28.4 27.8 28.0 27.8
Myocardial infarction 5.0 5.5 5.4 5.1 5.3 5.5 5.3
Unstable angina 5.0 45 4.1 3.5 3.0 29 2.6
Atherosclerosis 41.4 43.5 44.3 45.1 44.9 44.6 45.4
Respiratory failure 4.2 4.4 49 6.0 8.4 9.5 10.1
Hypertension 62.7 67.2 70.2 69.9 77.2 78.0 79.5
Stroke 4.8 4.4 4.1 3.8 3.8 3.8 35
Cerebrovascular 9.7 9.3 8.8 8.2 7.8 7.7 8.0
disease
Renal failure 12.1 14.3 16.5 223 28.2 32.7 34.2
COPD 19.2 20.4 21.6 229 22.7 22.1 22.7
Pneumonia 12.7 13.2 13.8 14.8 16.2 18.1 18.3
Peripheral vascular 10.6 10.8 11.0 11.1 11.0 11.0 10.8
disease
Cancer 10.9 10.8 10.8 10.5 10.9 11.3 11.1
Trauma 12.0 12.7 13.9 14.6 14.1 13.0 13.2
Psychiatric disease 4.4 43 4.4 4.2 4.6 5.2 5.3
Liver disease 1.8 1.9 1.9 1.9 2.0 2.0 2.3
Depression 7.9 8.9 10.0 9.7 10.0 9.9 10.9
Geriatric conditions
Malnutrition 3.9 3.6 4.0 4.4 5.7 7.8 8.6
Dementia 16.6 18.1 19.1 20.0 21.2 22.7 22.0
Functional disability 5.8 5.7 5.3 49 5.2 5.7 5.6

Abbreviation: COPD, chronic obstructive pulmonary disorder.
2 Data are given as percentages except where noted.
P Note that characteristics of patients are shown grouped in 2-year intervals for

ease of presentation, with data in the last column for year 2011 alone (thus, the
number of patients is accordingly lower).

Trends in admission rates for hyperglycemia and hypo-
glycemia over time were qualitatively similar across all sub-
groups. However, we found statistically significant interac-
tions in hospitalization rates for time and sex (both
hyperglycemia and hypoglycemia), time and black race (hy-
perglycemia only), and time and age (both hyperglycemia and
hypoglycemia). The effects of these interactions were small
(0.009-0.027). P < .001 for all comparisons.

Additional Analyses

In analyses designed to account for trends in DM prevalence
using BRFSS data, we found a decline in admission rates for
both hyperglycemia and hypoglycemia hospitalizations. The
estimated prevalence of DM among adults 65 years or older was
13.9% in 1999 and 18.8% in 2010. Estimated rates of admis-
sions among Medicare beneficiaries with DM are shown in

JAMA Internal Medicine July 2014 Volume 174, Number 7

Figure 2. Admission rates for hyperglycemia and hypoglyce-
mia decreased from 1999 to 2010 by 55.2% and 9.5%, respec-
tively.

In analyses designed to account for changes in the use of
hospital observation services, similar trends and patterns for
hyperglycemia and hypoglycemia hospitalizations were ob-
served when we restricted the outcome to hospitalizations with
an LOS longer than 2 days compared with the primary analy-
sis (eFigure Al in the Supplement).

.|
Discussion

Between 1999 and 2011, as glycemic control in the US popula-
tion with DM improved,'”'® hyperglycemic events requiring
hospital admission declined among older adults, but severe hy-
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Figure 1. Observed Rates of Hospital Admissions for Hyperglycemia and Hypoglycemia, 1999 to 2011
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A, Overall. Band C, Among females and males, respectively. Among age
subgroups: D, 65- to 74-year-olds; E, 75- to 84-year-olds; F, those 85 years or
older. Among racial subgroups: G, black; H, other race/ethnicity; I, white. Note:

To provide consistent axes for all relevant subgroups, the y-axis is on a
logarithmic scale. The circles and diamonds indicate observed values; the lines
represent the smoothed trend over time.

Table 2. Risk-Adjusted Outcomes After Hospitalization for Hyperglycemia and Hypoglycemia, 1999 to 2010°

Year

Reason for Hospitalization 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010°
Hyperglycemia

Beneficiaries, No. 28104 27782 27589 26319 23591 21643 19961 17409 16934 17268 17387 17860
30-d Mortality, % 7.1 7.0 7.2 7.2 7.4 6.8 6.3 5.8 5.9 5.7 5.3 5.4
1-y Mortality, % 21.4 21.4 21.6 20.9 20.7 19.7 18.3 18.3 17.9 17.5 17.1 17.1
30-d Readmission, % 16.0 15.7 16.0 15.6 15.7 16.1 16.3 15.9 15.6 15.9 15.7 15.3
Hypoglycemia

Beneficiaries, No. 23630 26540 30548 32354 33575 34015 35056 34207 33732 32426 30341 30193
30-d Mortality, % 5.0 5.0 5.1 4.8 4.7 4.3 4.3 3.8 4.1 4.6 4.4 4.4
1-y Mortality, % 233 22.9 23.3 21.7 21.3 19.9 19.4 18.4 19.4 19.8 20.5 19.9
30-d Readmission, % 17.3 17.9 17.4 17.2 16.7 16.7 16.4 16.0 16.1 16.3 16.3 16.3

2 Outcomes were risk-adjusted for demographics and all comorbidities and
geriatric conditions presented in Table 1.

b Data for mortality and readmissions were not available for hospitalizations in
2011 because we did not have access to follow-up data in 2012.

poglycemic events requiring hospitalization increased. Black
patients experienced much higher rates of hospitalizations for
both hyperglycemia and hypoglycemia compared with white
patients throughout the 12-year period, while adults 75 years
or older had higher rates of hypoglycemia leading to admis-
sion than those 65 to 74 years old. Estimated rates of admis-
sions among older adults with DM using additional data from
the BRFSS showed an even more dramatic decline in hyper-
glycemia hospitalizations but also a slight decrease in hypo-
glycemia hospitalizations over time. These results show con-
siderable progress in reduction of admissions for

jamainternalmedicine.com

hyperglycemia that has not been matched by similar ad-
vances in prevention of admissions for hypoglycemia.

Our study based on hospital admissions for short-term
complications of DM suggests a differential effect of changes
in DM treatment on rates of severe hyperglycemia and hypo-
glycemia and provides a strong argument for incorporating hy-
poglycemia into future assessments of DM quality measures.
Over the past decade, DM care quality metrics have primarily
rewarded target-based lowering of glucose levels'#*>'7 based
on evidence that persistent hyperglycemia, as assessed by el-
evated HbA,.level, is associated with the development and pro-
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Figure 2. Rates of Estimated Hospital Admissions for Hyperglycemia and Hypoglycemia Among Medicare

Beneficiaries With Diabetes Mellitus, 1999 to 2010
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gression of diabetic complications.3"-3? This approach pro-
vides incentives for aggressive control of glucose levels but may
obscure harms associated with treatment. Indeed, using na-
tionally representative snapshots of risk-factor control be-
tween 1999 and 2010, a recent study evaluated DM care based
on individualized performance measures and concluded that
preventive practices and glycemic control have improved dur-
ing the study period.'”!® In particular, the proportion of the
population with DM meeting HbA, . target levels lower than 7%
and lower than 8% increased from 1999 to 2002 and from 2003
t0 2006, although it did not change significantly in the subse-
quent 2007-2010 period. Our data suggest that these improve-
ments in glucose control were accompanied by a marked re-
duction in hyperglycemia among beneficiaries with DM, but
a substantially smaller decline in hypoglycemia, a recognized
harm associated with treatment.

The modest decline in hospital admissions for hypogly-
cemia after 2007 coincides with the well-publicized results
from 3 large cardiovascular trials,”** published in 2008, each
of which demonstrated no significant benefit on macrovas-
cular outcomes from more intensive glycemic control. The
ACCORD trial was terminated prematurely in early 2008 be-
cause of an unexpected increase in all-cause mortality in those
patients assigned to the more aggressive strategy.® These re-
sults led to a call for more moderated approaches to lowering
of glucose levels by professional groups.3* The trends in our
study may at least partly reflect overall secular trends in the
intensity of glycemic control in older patients with type 2 DM
subsequent to these trials. However, other changes in the treat-
ment of patients with DM could have contributed as well, in-
cluding greater use of medications that do not typically lead
to hypoglycemia.3*

We found significant age and racial differences in rates of
hospital admissions for hyperglycemia and hypoglycemia. Con-
sistent with prior studies,?*-3> admission rates for hypoglyce-
mia were twice as high among older patients (=75 years old)
compared with younger patients (65-74 years old). A recent
study based on National Electronic Injury Surveillance Sys-
tem project estimated an annual rate of emergency depart-
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ment visits for insulin-related hypoglycemia and errors to be
20.5 and 34.9 per 1000 insulin-treated patients with DM 65
years old and 80 years or older, respectively.>> These rate es-
timates are not directly comparable with ours because both the
outcome and the denominator differ. Nevertheless, they con-
firm much higher rates of severe hypoglycemia among the old-
est patients. Meal-planning misadventures and insulin prod-
uct mix-ups were identified as potential reasons for these
events.?> In addition, older patients may be more susceptible
to hypoglycemia and its adverse consequences'> owing to ag-
ing-related changes in renal function, drug clearance, counter-
regulatory responses, as well as cognitive dysfunction and
highly prevalent polypharmacy.3® In our study, admission rates
for hyperglycemia and hypoglycemia were 4 times as high
among black patients compared with white patients. Al-
though DM disproportionately affects blacks, differences in the
prevalence of DM would be expected to, at most, double these
admissions.?” Prior studies have shown higher HbA, levels
among black patients compared with white patients,?°:3%3° with
areduction in these differences after age 65 years when Medi-
care coverage becomes available.’ Higher HbA, .levels may be
associated with uncontrolled or untreated DM and explain
more frequent admissions for hyperglycemia among blacks.*°
However, black patients also have higher rates of emergency
department visits for hypoglycemia compared with white
patients with DM.?? It is, therefore, possible that strategies
focused primarily on intensifying glycemic control among
black patients may potentially exacerbate disparities in
hypoglycemia.

The short- and long-term mortality and readmission rates
after hospitalization were similar for hyperglycemia and hy-
poglycemia, and both declined significantly over time. Im-
proved monitoring, treatment, and coordination of care either
during or after hospitalization may have contributed to these
trends, or they may simply reflect secular trends in improved
DM outcomes over time.*' Patients hospitalized for hypogly-
cemic events had a higher comorbidity burden compared with
patients hospitalized for hyperglycemia. However, outcomes
after hospital admission for either metabolic complication were
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comparable, suggesting similar consequences (or vulnerabili-
ties) for subsequent mortality and readmission. Although some
hypoglycemic events may be minor and easily reversible, we
focused on serious events that were thought to be chiefly re-
sponsible for hospital admission, and these seem to have im-
portant implications for subsequent outcomes.

To our knowledge, prior studies have not evaluated na-
tional trends in both hyperglycemic and hypoglycemic com-
plications of DM.?>4? However, our analyses have several limi-
tations. We were unable to fully account for trends in DM
prevalence over time or explicitly define the denominator of
patients with DM using inpatient CMS data, but our intent was
to describe the overall burden of these hospitalizations on pa-
tients and the health care system. To assess the effect of
changes in DM prevalence on rates of hospital admissions over
time, we created synthetic denominators based on DM preva-
lence estimates from the BRFSS to complement our analyses.
Our findings consistently showed a reversal in admission rates
for hyperglycemia and hypoglycemia over time, but rates for
hypoglycemia slightly declined when accounting for DM preva-
lence. We could not account for observation stays, changes in
observation stay rates over time, or changes in thresholds to
admit patients with hyperglycemia or hypoglycemia, but we
performed additional analyses, the results of which suggest that

Original Investigation Research

our overall trends were similar in those with shorter and lon-
ger admissions. We were not able to capture emergency de-
partment visits and ambulance calls for hypoglycemia that did
not lead to hospital admission, but we did include events that
are associated with highest cost and morbidity. In addition, we
did not have information on patients’ laboratory data, includ-
ing HbA,_ levels, or their drug therapy. Because our data in-
cluded Medicare FFS patients, our results may not be gener-
alizable to those enrolled in Medicare Advantage.

. |
Conclusions

Hospital admission rates for hyperglycemia dramatically de-
clined from 1999 to 2011 and are now surpassed by hospitaliza-
tions for hypoglycemia among older Medicare beneficiaries. Al-
though admission rates for hypoglycemia have declined
modestly since 2007, efforts to further reduce these hospital-
izations, especially among black and older adults, are urgently
needed. Evaluations of DM care quality based on achieved gly-
cemic targets do not account for adverse consequences of treat-
ment, such as hypoglycemia. Studies that consider these im-
portant patient outcomes will provide a more comprehensive
assessment of the overall quality of DM treatment.
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