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BACKGROUND: Hospital readmission is common among
patients with diabetes. Some readmissions, particularly
for hypoglycemia and hyperglycemia, may be avoidable
with better care transitions and post-discharge
management.

OBJECTIVE: To ascertain the most common reasons and
risk factors for readmission among adults with diabetes,
with specific consideration of severe dysglycemia.
DESIGN: Retrospective analysis of data from the Optum-
Labs Data Warehouse, an administrative data set of com-
mercially insured and Medicare Advantage beneficiaries
across the U.S.

PARTICIPANTS: Adults >18 years of age with diabetes,
discharged from a hospital between January 1, 2009, and
December 31, 2014 (N = 342,186).

MAIN MEASURES: Principal diagnoses and risk factors
for 30-day unplanned readmissions, subset as being for
severe dysglycemia vs. all other causes.

KEY RESULTS: We analyzed 594,146 index hospitaliza-
tions among adults with diabetes: mean age 68.2 years
(SD, 13.0), 52.9% female, and 67.8% white. The all-cause
30-day readmission rate was 10.8%. Heart failure was the
most common cause for index hospitalization (5.5%) and
readmission (8.9%). Severe dysglycemia accounted for
2.6% of index hospitalizations (48.1% hyperglycemia,
50.4% hypoglycemia, 1.5% unspecified) and 2.5% of read-
missions (38.3% hyperglycemia, 61.0% hypoglycemia,
0.7% unspecified). Younger patient age, severe dysglyce-
mia at index or prior hospitalization, and the Diabetes
Complications Severity Index (DCSI) were the strongest
risk factors predisposing patients to severe dysglycemia
vs. other readmissions. Prior episodes of severe dysglyce-
mia and the DCSI were also independent risk factors for
other-cause readmissions, irrespective of the cause of the
index hospitalization.
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CONCLUSIONS: Adults with diabetes are hospitalized
and readmitted for a wide range of health conditions,
and hospitalizations for severe hypoglycemia and hyper-
glycemia remain common, with high rates of recurrence.
Severe dysglycemia is most likely to occur among younger
patients with multiple diabetes complications and prior
history of such events.
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INTRODUCTION

Diabetes increases the risk of hospitalization and unplanned
readmission,' ™ imposing a substantial burden on patients, care-
givers, health systems, and the economy. Patients with diabetes
are susceptible to a broad range of acute illnesses that can lead
to hospitalization and readmission, including those related to
co-existing chronic conditions as well as exacerbations of, and
complications from, their underlying diabetes. Uniquely,
patients with diabetes are vulnerable to severe hypoglycemia
and hyperglycemia (“severe dysglycemia”), particularly during
the post-discharge period when changes in activity, nutrition,
and medications commonly occur.” Efforts to reduce hospital-
izations and readmissions among patients with diabetes require
a broad and nuanced understanding of their most common
causes, including the relative frequency of severe dysglycemic
events, as well as the risk factors for these events.

Prior studies of hospital readmissions among patients with
diabetes are limited, but show that all-cause readmission risk is
higher among patients with multiple comorbidities' **” and
among racial minorities.' >*? Several studies focused on hos-
pitalizations for hypoglycemia®'® or hyperglycemia,® but
without placing them in the broader context of hospitalizations
and readmissions. Severe dysglycemic events can be avoided
with optimal transitional and ambulatory care,' ' and
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understanding their relative importance may guide interven-
tions for patients at high risk. Accordingly, our study addresses
the following three questions in a large cohort of commercially
insured and Medicare Advantage beneficiaries across the U.S.:
(1) What are the principal reasons for which patients with
diabetes are hospitalized and subsequently readmitted? (2)
What is the relative burden of hospitalizations and readmis-
sions for severe dysglycemia when considered in the context
of all hospitalizations and readmissions experienced by this
patient population? (3) What are the primary risk factors for
unplanned 30-day readmissions in this high-risk population?
This knowledge may facilitate the development and prioriti-
zation of individualized interventions for patients at highest
risk for diabetes-related and unrelated readmissions.

METHODS
Study Design and Data Source

We conducted a retrospective analysis of medical and phar-
macy claims data from the OptumLabs Data Warehouse
(OLDW), an administrative database of more than 100 million
privately insured and Medicare Advantage enrollees through-
out the U.S. (Online Appendix 1).'*'* All study data were
accessed after the data had been de-identified, consistent with
the Health Insurance Portability and Accountability Act
(HIPAA) expert de-identification determination and with ap-
propriate legal, regulatory, and contractual permissions. Be-
cause this study involved analysis of pre-existing, de-
identified data, it was exempt from institutional review board
approval.'*

Study Population

The study sample comprised all index hospitalizations among
adults >18 years of age with diabetes in non-federal acute care
hospitals lasting >1 night, with discharge alive date between
January 1, 2009, and December 31, 2014 (Fig. 1). Diabetes
was defined using Healthcare Effectiveness Data and Infor-
mation Set (HEDIS) claims-computable criteria, excluding
gestational diabetes (ICD-9-CM 648.0, 648.8)."° Included
individuals had >12 months of enrollment before the index
admission date and >31 days of enrollment after the index
discharge date. In accordance with the Centers for Medicare &
Medicaid Services (CMS) Hospital-Wide Readmission Mea-
sure (HWRM) and the National Committee for Quality As-
surance criteria,'®!” hospitalizations for medical treatment of
cancer, psychiatric disease, and pregnancy were excluded. We
excluded admissions with length of stay (LOS) >365 days and
readmissions within 1 day of discharge, which were counted
as part of the original admission.

Explanatory Variables

Principal diagnoses for index admissions were identified using
the first/primary diagnosis ICD-9-CM code from the

hospitalization claim and grouped using categories identified
by the Agency for Healthcare Research and Quality (AHRQ)
Comorbidity and Clinical Classifications Software (CCS)."8
Severe dysglycemic events were categorized as hypoglyce-
mic, hyperglycemic, or unspecified (Online Appendix
Table 1)."”' CCS 50 (“diabetes mellitus with complications”)
was not used, as it does not include hypoglycemia; it was
included in the analyses but modified to exclude diagnoses
included in the severe dysglycemia definitions.

Patient demographic characteristics were obtained from
enrollment data, and included age at the index hospitalization,
sex, race/ethnicity, and annual household income in US dol-
lars. For each index hospitalization we determined the LOS
(categorized as 1, 2-4, 5-7, 8-14, and >15 days), discharge
year, and history of another hospitalization during the prior
12 months. Rather than assume a linear or monotone relation-
ship between LOS and risk of readmission, we categorized this
risk factor based on inspection of the distribution for our
cohort. To determine whether a hospitalization was planned,
we applied version 3 of the CMS HWRM planned readmis-
sion algorithm.'®*%

To identify comorbidities, we used the Diabetes Complica-
tions Severity Index (DCSI), adapted for claims data,”**> and
the Charlson Comorbidity Index (CCD),*° all from within
12 months of the index admission. Treatment with insulin
was ascertained from pharmacy claims within 120 days pre-
ceding the index admission.

Outcomes

The primary outcome was unplanned readmission within
30 days of discharge for any cause, categorized as a readmission
for severe dysglycemia vs. other (Online Appendix Table 1). We
also conducted a secondary analysis which stratified patients
based on their index hospitalization (severe dysglycemia vs.
other). Planned readmissions, defined using HWRM crite-
ria,'®**% were excluded.

Statistical Analysis

We summarized patient and hospitalization characteristics for
each index admission, overall and by readmission status
(none, severe dysglycemia, other), and tested for differences
in outcomes using x~ tests of independence. We identified the
10 most common principal diagnosis CCS categories'® at
index admission, overall and by readmission status.

In order to identify independent risk factors for severe
dysglycemia vs. other readmissions, we estimated a multino-
mial logistic regression model using the primary outcome of
no readmission, other readmission, or severe dysglycemia
readmission as the dependent variable. To account for hetero-
geneity in index admission diagnoses between patients read-
mitted for severe dysglycemia and for other reasons, and the
contribution of these diagnoses to subsequent readmission
risk, we identified the 20 CCS groups that were most strongly
associated with readmission for any cause based on bivariate
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Inpatient stays in OLDW with index discharge alive

date 1/1/2009 to

12/31/2014; N=9,468,070

HEDIS criteria for diabetes before the admission

Stays for patients with diagnosed diabetes before the
index admission; N=1,264,260

Exclude 230,829 stays with another discharge within

30 days of admission

Stays without another discharge in the 30 days before
admission; N=1,033,431

Exclude 341,338 stays for patients with <I2 months of

> continuous insurance enrollment before admission OR
<31 days of continuous enrollment after discharge

Stays for patients with enrollment12 months before
through and 31 days after discharge; N=692,093

2

> Exclude 2,186 stays for patients <18 years

Stays for patients >18 years; N=689,907

Exclude 10,405 stays with length of stay >365 days

Stays lasting between 1 and 365 days; N=679,502

> Exclude 143 stays for patients with missing sex data

Stays for patients with valid sex data; N=679,359

Exclude 26,628 stays without a principal diagnosis

Stays with a principal diagnosis; N=652,731

Exclude 4,116 duplicate stay records

Discrete index stays only; N=648,615

Exclude 8,203,810 stays among patients who did not meet

Exclude 54,469 stays for principal diagnoses of pregnancy, a

psychiatric condition, or medical treatment of cancer

Final cohort of index hospitalizations; N=621,711

Figure 1 Study cohort.
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analyses for all 46 CCS groups with a prevalence of at least
0.5% in the study cohort, and included these as risk factors in
all models (Online Appendix Table 2). These 20 CCS groups
were included in the multinomial logistic regression model,
together with the explanatory variables listed above. We used
the Huber—White sandwich variance estimator to account for
correlation of outcomes by hospital.””** To account for miss-
ing income data (8.1% of total sample), we used multiple
stochastic imputations, with 20 imputations.>’ We report mod-
el effects as relative risk ratios (RRRs). To better interpret
differences in RRRs across severe dysglycemia vs. other read-
missions, we calculated ratios of RRRs for severe dysglycemia
vs. other-cause readmissions, and the p-values for the test in
which the ratio of RRRs differed from 1.0; that is, that the
RRR for severe dysglycemia readmissions was not the same as
the RRR for other readmissions. This P-value was based on a
test which incorporated the variances in the RRRs. Thus, a
severe dysglycemia/other RRR ratio >1 indicates that the
particular covariate increases severe dysglycemia readmission
risk more than other-cause readmission risk, and vice versa.

All analyses were conducted using Stata 14.1 (2015; Stata-
Corp LP, College Station, TX). P-values <0.05 were consid-
ered statistically significant.

RESULTS

Study Population and 30-Day Unplanned
Readmission

Between January 1, 2009, and December 31, 2014, 342,186
adults with diabetes experienced 594,146 index hospitaliza-
tions, including 15,644 hospitalizations for severe dysglyce-
mia (2.6% of index hospitalizations) among 13,161 patients
(Table 1). Of these, 48.1% were for hypoglycemia, 50.4% for
hyperglycemia, and 1.5% were unspecified. The most com-
mon cause for index hospitalization was heart failure (5.5% of
index hospitalizations), while severe dysglycemic events were
the 11th most common cause; the top 20 of 2621 diagnosis
categories at index hospitalization are shown in Online Ap-
pendix Table 3.

The all-cause unplanned readmission rate was 10.8%. Heart
failure was the most common reason for readmission (8.9% of
readmissions), while severe dysglycemic events accounted for
2.5% of readmissions (38.3% hyperglycemia, 61.0% hypogly-
cemia, 0.7% unspecified). The reason for readmission varied
based on whether the index hospitalization was for severe
dysglycemia or for other causes (Fig. 2; Online Appendix
Tables 4, 5). Of those hospitalized for severe hypoglycemia,
6.7% were readmitted for another severe dysglycemic event
and 1.1% were readmitted for other causes. Of those hospital-
ized for severe hyperglycemia, 20.8% were readmitted for
another severe dysglycemic event and 0.7% were readmitted
for other causes. Only 1.8% of patients hospitalized for other
causes were readmitted for severe dysglycemia. Other causes
for readmission following severe dysglycemia and other-cause

hospitalizations are presented in Figure 2, highlighting the
frequency of readmissions for heart failure, sepsis, and acute
renal failure in both cohorts.

General Risk Factors for Readmission

Certain variables increased readmission risk globally, for both
severe dysglycemia and other-cause readmissions. Longer
LOS during the index hospitalization increased the risk of all
readmissions. Readmission risk was significantly lower fol-
lowing planned rather than unplanned hospitalizations: RRR
0.57 (95% CI, 0.47-0.69) for severe dysglycemia readmission
and 0.79 (95% CI, 0.76-0.81) for other readmissions. Higher
income was associated with reduced risk of all readmissions,
with no significant difference in effect on the two types of
readmission. African American patients had a slightly higher
risk of all readmissions than did white patients.

Readmissions for Severe Dysglycemia

Many of the examined covariates had different effects on severe
dysglycemia vs. other-cause readmissions (Table 2). The stron-
gest risk factors for severe dysglycemia readmissions were
patient age, DCSI, index hospitalization for severe dysglycemia
(hyperglycemic events had a greater impact than hypoglycemic
events), and prior history of severe dysglycemia hospitaliza-
tions (Table 2). The risk of readmission for severe dysglycemia
was nearly twice as high among patients aged <45 years as
those >45 years; age was not a strong risk factor for other-cause
readmissions until age >75 years, when it began to rise. For all
age groups, age was a stronger determinant of severe dysgly-
cemia readmissions than other-cause readmissions. The DCSI
was a significant risk factor for both categories of readmissions,
but with greater impact on severe dysglycemia. Compared to
patients with no diabetes complications, the risk of readmission
for severe dysglycemia was 2.33-fold higher among patients
with DCSI of 3-6, and 3.20-fold higher with DCSI >7. Com-
pared to non-insulin-treated patients, patients using insulin were
80% more likely to be readmitted for severe dysglycemia and
6% more likely to be readmitted for other causes.

Patients whose index hospitalization was for severe dysgly-
cemia were nearly nine times as likely to be readmitted for
recurrent severe dysglycemia than for another reasons. Among
patients hospitalized for hypoglycemia, the RRR for severe
dysglycemia readmission was 4.74 (95% CI, 3.81-5.89) and
other-cause readmission was 0.87 (95% CI, 0.81-0.94), with a
severe dysglycemia/other RRR ratio of 5.43. Severe hypergly-
cemia index hospitalizations had an even greater impact on
severe dysglycemia readmission risk, with an RRR of severe
dysglycemia readmission of 8.57 (95% CI, 7.08-10.37) and
other-cause readmission of 0.60 (95% CI, 0.55-0.67); the severe
dysglycemia/other RRR ratio was 15.89. Having prior hospital-
izations for severe dysglycemia was also a risk factor for all
readmissions, but readmission for severe dysglycemia was near-
ly four times as likely: RRR for severe dysglycemia readmission
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Table 1 Study Population

Study cohort Not readmitted Readmitted P-value
N (%) N (%)
Severe dysglycemia Other cause
N (%) N (%)
Index discharges 594,146 524,190 1744 68,212
Patient characteristics*
Age, mean (SD) 68.2 (13.0) 68.0 (13.0) 63.9 (18.0) 69.7 (12.2)
Age, N (%) <0.001
<45 30,370 (5.1) 27,694 (5.3) 279 (16.0) 2397 (3.5)
45-64 179,924 (30.3) 161,069 (30.7) 452 (25.9) 18,403 (27.0)
65-74 173,279 (29.2) 152,492 (29.1) 431 (24.7) 20,356 (29.8)
>75 210,573 (35.4) 182,935 (34.9) 582 (33.4) 27,056 (39.7)
Sex 0.83
Male 279,651 (47.1) 246,787 (47.1) 812 (46.6) 32,052 (47.0)
Female 314,495 (52.9) 277,403 (52.9) 932 (53.4) 36,160 (53.0)
Race <0.001
White 402,747 (67.8) 356,824 (68.1) 1090 (62.5) 44,833 (65.7)
Black 109,670 (18.5) 95,059 (18.1) 445 (25.5) 14,166 (20.8)
Asian 12,344 (2.1) 10,956 (2.1) 38 (2.2) 1350 (2.0)
Hispanic 47,471 (8.0) 41,910 (8.0) 133 (7.6) 5428 (8.0)
Other/unknown 21,914 (3.7) 19,441 (3.7) 38 (2.2) 2435 (3.6)
Annual income (US$) <0.001
<40,000 242,291 (40.8) 210,857 (40.2) 795 (45.6) 30,639 (44.9)
40,000-49,000 58,233 (9.8) 51,567 (9.8) 152 (8.7) 6514 (9.5)
50,000-59,000 49,511 (8.3) 43,775 (8.4) 142 (8.1) 5594 (8.2)
60,000-74,000 55,557 (9.4) 49,492 (9.4) 158 (9.1) 5907 (8.7)
75,000-99,000 61,542 (10.4) 55,114 (10.5) 159 (9.1) 6269 (9.2)
>100,000 78,364 (13.2) 71,033 (13.6) 180 (10.3) 7151 (10.5)
Missing 48,648 (8.2) 42,352 (8.1) 158 (9.1) 6138 (9.0)
Index hospitalization characteristics
Planned status <0.001
Unplanned 500,750 (84.3) 438,277 (83.6) 1613 (92.5) 60,860 (89.2)
Planned 93,396 (15.7) 85,913 (16.4) 131 (7.5) 7352 (10.8)
Reason for index hospitalization
Severe dysglycemia 15,644 (2.6) 13,970 (2.7) 483 (27.7) 1191 (1.7)
Hypoglycemia 7528 (1.3) 6686 (1.3) 116 (6.7) 726 (1.1) <0.001
Hyperglycemia 7886 (1.3) 7071 (1.3) 363 (20.8) 452 (0.7) <0.001
Unspecified 230 (0.0) 213 (0.0) *(* 13 (0.0) <0.001
Other causes 578,502 (97.4) 510,220 (97.3) 1261 (72.3) 67,021 (98.3)
Length of stay <0.001
1 day 80,388 (13.5) 74,637 (14.2) 169 (9.7) 5582 (8.2)
2-4 days 314,962 (53.0) 283,483 (54.1) 822 (47.1) 30,657 (44.9)
5-7 days 118,193 (19.9) 101,330 (19.3) 403 (23.1) 16,460 (24.1)
8-14 days 63,392 (10.7) 51,613 (9.8) 265 (15.2) 11,514 (16.9)
>15 days 17,211 (2.9) 13,127 (2.5) 85 (4.9) 3999 (5.9)
Prior hospitalizations
None <0.001
Other causes only 351,468 (59.2) 321,860 (61.4) 693 (39.7) 28,915 (42.4)
Severe dysglycemia 236,144 (39.7) 196,958 (37.6) 738 (42.3) 38,448 (56.4)
Diabetes characteristics
Diabetes Complications Severity Index <0.001
0 143,755 (24.2) 133,250 (25.4) 153 (8.8) 10,352 (15.2)
1-2 152,519 (25.7) 137,598 (26.2) 333 (19.1) 14,588 (21.4)
3-6 198,156 (33.4) 172,002 (32.8) 695 (39.9) 25,459 (37.3)
7-29 99,716 (16.8) 81,340 (15.5) 563 (32.3) 17,813 (26.1)
Diabetes treatment <0.001

Non-insulin only
Insulin

435,861 (73.4)
158,285 (26.6)

387,501 (73.9)
136,689 (26.1)

47,563 (69.7)
20,649 (30.3)

797 (45.7)
947 (54.3)

*Baseline patient characteristics at the time of index hospitalization. Each index admission was considered separately, and data were ascertained at the

time of discharge

of 547 (95% CI, 4.60-6.51) and other-cause readmission of
1.43 (95% CI, 1.33—1.55) compared to no prior hospitalizations.

Readmission Following Severe Dysglycemic vs.

Other Events

In a secondary analysis examining patients hospitalized for
severe dysglycemia separately from those hospitalized for
other causes (Online Appendix Tables 6 and 7), most risk
factors for severe dysglycemia and other-cause readmissions

remained unchanged, with few notable differences. While
higher DCSI increased the risk of all readmissions following

all index hospitalizations, it had the greatest impact on read-

mission risk following index stays for other (not severe dys-
glycemia) causes: DCSI>7 (compared to DCSI = 0) increased

the risk of severe dysglycemia readmissions by RRR 3.66

(95% Cl, 2.87-4.66) and other-cause readmissions by RRR
1.77 (95% CI, 1.71-1.82) after an index hospitalization for
other causes, compared to RRR 1.91 (95% CI, 1.27-2.88) and
RRR 2.01 (95% CI, 1.58-2.56) for severe dysglycemia and
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Other Index

Figure 2 Principal diagnoses at readmission. We present the percentage of patients readmitted for a specific principal diagnosis CCS category
among all patients who were hospitalized for either a severe dysglycemic event (dark gray) or another cause (light gray) as their index
hospitalization. The 20 most prevalent readmission diagnosis categories overall are presented. DM diabetes mellitus, UTI urinary tract

infection, GI gastrointestinal, MI myocardial infarction, COPD chronic obstructive pulmonary disease.

other-cause readmissions, respectively, following index hos-
pitalization for severe dysglycemia. Longer LOS did not affect
the risk of readmission for severe dysglycemia following
index severe dysglycemic events, while increasing it follow-
ing index hospitalizations for other causes.

DISCUSSION

The all-cause readmission rate among 342,186 U.S. adults with
diabetes was 10.8%, reflective of the wide age and morbidity
distribution of this commercially and Medicare Advantage-
insured population. The vast majority, 97.4%, of the index
hospitalizations were for causes not directly related to diabetes,
with only 2.6% being primarily for the management of severe
dysglycemia (48.1% hypoglycemia and 50.4% hyperglycemia).
Similarly, 97.5% of all readmissions were for causes unrelated to
short-term glycemic control, and 2.5% were specifically for
severe dysglycemia, though the relative frequency of hypogly-
cemic and hyperglycemic events was reversed, with 61.0% of
these events for hypoglycemia and 38.3% for hyperglycemia.
The most common cause for hospitalization and readmission
among these diabetes patients was heart failure, which is consis-
tent with studies conducted in the general U.S. population.” Still,
despite being potentially avoidable with optimal ambulatory and
transitional care,'’ severe dysglycemia was the 11th most com-
mon cause for index hospitalization, the 14th most common

cause for readmission following non-diabetes-related index hos-
pitalizations, and the most common cause for readmission fol-
lowing an index hospitalization for severe dysglycemia.
Younger patients were the most likely to be readmitted for
severe dysglycemia, with 10% of all readmissions among
patients aged 18-44 years being for severe dysglycemia vs. just
over 2% in the older age groups. This may reflect greater clinical
complexity and multi-morbidity of older patients, placing them at
risk for multiple diseases and complications unrelated to diabetes.
Younger patients may have worse glycemic control or greater
glycemic variability, both of which raise the risk of severe
dysglycemia but cannot be captured by administrative data.
Younger patients are also more likely to have type 1 diabetes,
though administrative data cannot reliably identify diabetes type.
Conversely, older patients may be treated less intensively and/or
have greater attention paid to their diabetes management during
and following hospitalization, which would lower their risk of
severe dysglycemia. Similarly, older patients with complex health
or social needs may have closer outpatient follow-up after dis-
charge, decreasing their risk of unnoticed and unaddressed gly-
cemic deterioration. These variables could not be assessed in the
context of this study, but would benefit from further examination.
An index or prior hospitalization for severe dysglycemia was
the strongest predictor of readmission for severe dysglycemia.
Prior hospitalizations for severe dysglycemia increased the risk
of readmission for severe dysglycemia sixfold, irrespective of the
reason for the index hospitalization. Additionally, nearly one-
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Table 2 Risk Factors for Readmission for Severe Dysglycemia and Other Causes
Readmission for severe Readmission for other causes Wald P* Ratio of severe
dysglycemia dysglycemia/other"
RRR (95% CI) P RRR (95% CI) P P
Patient characteristics
Age, years <0.001
<45 Ref Ref Ref
45-64 0.52 (0.43, 0.64) <0.001 0.98 (0.94, 1.03) 042 0.54 <0.001
65-74 0.56 (0.46, 0.69) <0.001 1.00 (0.95, 1.06) 0.96 0.56 <0.001
>75 0.60 (0.49, 0.74) <0.001 1.06 (1.00, 1.12) 0.04 0.57 <0.001
Sex 0.93
Male Ref Ref Ref
Female 0.98 (0.88, 1.09) 0.701 1.00 (0.98, 1.02) 0.99 0.98 0.70
Race <0.001
White Ref Ref Ref
Black 1.22 (1.07, 1.38) 0.002 1.09 (1.06, 1.12) <0.001 1.12 0.10
Asian 1.30 (0.95, 1.78) 0.106 1.05 (0.98, 1.11) 0.15 1.24 0.23
Hispanic 0.98 (0.81, 1.18) 0.817 1.05 (1.01, 1.09) 0.02 0.94 0.46
Other/unknown 0.69 (0.50, 0.97) 0.03 1.01 (0.96, 1.06) 0.79 0.69 0.008
Annual income (USS$) <0.001
<40,000 Ref Ref Ref
40-49,000 0.77 (0.64, 0.93) 0.007 0.94 (0.91, 0.97) <0.001 0.82 0.03
50-59,000 0.94 (0.79, 1.12) 0.49 0.98 (0.95, 1.01) 0.27 0.96 0.62
60-74,000 0.89 (0.74, 1.07) 0.21 0.95 (0.92, 0.98) 0.001 0.94 0.47
75-99,000 0.79 (0.66, 0.95) 0.01 0.94 (0.91, 0.97) <0.001 0.84 0.04
>100,000 0.77 (0.65, 0.91) 0.003 0.90 (0.87, 0.93) <0.001 0.85 0.05
Index hospitalization characteristics
Reason for index hospitalization <0.001
Other causes Ref Ref Ref
Hypoglycemia 4.74 (3.81, 5.89) <0.001 0.87 (0.81, 0.94) 0.001 5.434 <0.001
Hyperglycemia 8.57 (7.08, 10.37) <0.001 0.60 (0.55, 0.67) <0.001 14.188 <0.001
Unspecified 5.81 (2.00, 16.83) 0.001 0.61 (0.35, 1.07) 0.082 9.564 0.137
Planned status <0.001
Unplanned Ref Ref Ref
Planned 0.57 (0.47, 0.69) <0.001 0.79 (0.76, 0.81) <0.001 0.73 <0.001
Length of stay <0.001
1 day 0.79 (0.67, 0.93) 0.006 0.77 (0.75, 0.79) <0.001 1.03 0.77
2-4 days Ref Ref Ref
5-7 days 1.42 (1.25, 1.62) <0.001 1.35 (1.32, 1.38) <0.001 1.06 043
8-14 days 1.85 (1.60, 2.15) <0.001 1.79 (1.74, 1.83) <0.001 1.04 0.64
>15 days 242 (191, 3.07) <0.001 245 (2.35, 2.55) <0.001 0.99 0.93
Prior hospitalizations <0.001
None Ref Ref Ref
Other causes 1.27 (1.13, 1.42) <0.001 1.58 (1.55, 1.61) <0.001 0.81 <0.001
Severe dysglycemia 547 (4.60, 6.51) <0.001 1.43 (1.33, 1.55) <0.001 3.82 <0.001
Diabetes characteristics
Diabetes Complications Severity Index <0.001
0 Ref Ref Ref
1-2 1.52 (1.25, 1.85) <0.001 1.19 (1.15, 1.22) <0.001 1.28 0.03
3-6 2.33 (1.94, 2.81) <0.001 141 (1.37, 1.45) <0.001 1.65 <0.001
7-29 3.20 (2.60, 3.94) <0.001 1.77 (1.72, 1.83) <0.001 1.81 <0.001
Diabetes treatment <0.001
Non-insulin Ref Ref Ref
Insulin 1.79 (1.61, 1.99) <0.001 1.06 (1.04, 1.08) <0.001 1.68 <0.001

Note: Adjusted multinomial logit regression model showing the relative risk ratios (RRRs) for severe dysglycemia and other-cause 30-day readmission
compared to no readmission. The severe dysglycemia/other ratio is a ratio of the RRRs of severe dysglycemia and other-cause readmission. Specifically,
a severe dysglycemia/other ratio > 1 signifies a greater impact of the covariate on readmissions for severe dysglycemia than for other causes, and vice
versa. The model was adjusted for the Charlson comorbidities (dementia, chronic obstructive pulmonary disease, rheumatologic disease, peptic ulcer
disease, liver disease, hemiplegia/paraplegia, cancer, and AIDS/HIV), the discharge year, and the 20 principal diagnosis CCS categories from the index

discharge with the highest risk of all-cause 30-day readmission

*The Wald p-value is a test of overall (joint) effect of multi-category variables
"P-value for a two-sided test of the severe dysglycemia/other RRR being different from I

third of patients whose index hospitalization was for severe
dysglycemia were later readmitted for a recurrent severe dysgly-
cemic event. The risk of recurrent dysglycemia was higher after
an index hyperglycemic event (8.6-fold increase compared to
index hospitalizations for other causes) than hypoglycemic event
(4.7-fold increase). Still, while prior hospital stays for severe
dysglycemia had a very strong impact on the likelihood of severe

dysglycemia readmissions, these hospitalizations also increased
the risk of other-cause readmissions, suggesting that severe
dysglycemia may be a global marker of patient complexity and
illness. The DCSI and insulin therapy had similar effects on
severe dysglycemia and other-cause readmissions, with readmis-
sion risk increasing linearly with the DCSI but more steeply for
dysglycemia-specific readmissions. This reinforces the fact that
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diabetes severity is an important consideration for all readmis-
sions, not just those directly related to glycemic control.

Hospitalization is likely to affect the post-discharge diabetes
management and overall health of patients with diabetes, and
thereby increases the risk for readmission for severe dysglyce-
mia, irrespective of the reason for the index admission. Diabetes
management is affected by the patient’s nutrition, physical ac-
tivity, sleep, pain, and non-diabetic drugs—all of which are
potentially altered during and after hospitalization. This, in turn,
may result in increased susceptibility to severe dysglycemic
events. While we initially hypothesized that the risk of readmis-
sion for severe dysglycemia might be elevated following index
hospitalization for other causes due to the relative de-
prioritization of diabetes management in the context of an unre-
lated acute illness, this was not substantiated by the data. Patients
hospitalized for causes other than severe dysglycemia were less
likely to be readmitted for severe dysglycemia, while those
hospitalized for severe dysglycemia had the greatest risk of
readmission for recurrent severe dysglycemia. This observation
is important, because it reinforces both the relative frequency and
the high probability of recurrent severe dysglycemia, despite that
fact that these events may be avoidable. Inpatient diabetes edu-
cation has been shown to reduce the risk of readmission’ and
may benefit high-risk patients. Similarly, medication review and
reconciliation, care transition programs, and follow-up telephone
calls or appointments that specifically address diabetes manage-
ment may reduce the risk of readmission for severe dysglycemia.
Such interventions could not be identified in our data set, and
accounting for these programs or any outpatient follow-up after
discharge would be problematic due to endogeneity.

This study needs to be considered in light of its limitations
stemming from the use of administrative data, which cannot
capture all potential risk factors for severe dysglycemia and
readmission, including clinical information (e.g., hemoglobin
Alc),31 frailty,32 social support, and socioeconomic factors. We
classified hospitalizations on the basis of principal discharge
diagnoses, which may underestimate the incidence of severe
dysglycemia by capturing only primary dysglycemic events rath-
er than severe dysglycemia precipitated by another potentially
unrelated illness. Because patients were required to have >31 days
of enrollment following index hospitalization, patients who died
during this period were excluded, even though their death may
have been informative. Our study was also limited to people with
commercial or Medicare Advantage health plans, and did not
include patients who were uninsured or had public health cover-
age. The population studied here fills the gap in readmissions
literature that has heretofore focused predominantly on selected
states or health systems,'*** or on the Medicare fee-for-service
population,”** as it includes people from a wide range of ages,
racial/ethnic groups, health systems, and geographic regions.

These findings constitute novel and important contributions
to the management of diabetes. While patients with diabetes
are hospitalized and readmitted for a large number of health
conditions, hospitalizations for severe dysglycemia remain
common and have a high rate of recurrence. Younger patients

and those with diabetes complications are at highest risk for
severe dysglycemia readmission, and may benefit from
diabetes-specific interventions. History of severe dysglycemia
and burden of diabetes complications are also independent risk
factors for all-cause readmission, and should be considered in
the management of all hospitalized patients with diabetes.
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