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BACKGROUND: Starting insulin therapy in hospitalized
patients may be associated with an increase in serious
adverse events after discharge.
OBJECTIVE: Determine whether post-discharge risks of
death and rehospitalization are higher for older hospital-
ized patients prescribed new insulin therapy compared
with oral hypoglycemic agents (OHAs).
DESIGN: Retrospective population-based cohort study
including hospital admissions in Ontario, Canada, be-
tween April 1, 2004, and Nov 30, 2013.
PATIENTS: Persons aged 66 and over discharged after a
hospitalization and dispensed a prescription for insulin
and/or an OHA within 7 days of discharge. We included
104,525 individuals, subcategorized into four mutually
exclusive exposure groups based on anti-hyperglycemic
drug use in the 7 days post-discharge and the 365 days
prior to the index admission.
MAIN MEASURES: Prescriptions at discharge were cate-
gorized as new insulin (no insulin before admission), prev-
alent insulin (prescribed insulin before admission), new
OHA(s) (no OHA or insulin before admission), and preva-
lent OHA (prescribed OHA only before admission) as the
referent category. The primary and secondary outcomes
were 30-day deaths and emergency department (ED) vis-
its or readmissions respectively.
KEY RESULTS: Of 104,525 patients, 9.2% were initiated
on insulin, 4.1% died, and 26.2% had an ED visit or
readmissionwithin 30 days of discharge.Deaths occurred
in 7.14% of new insulin users, 4.86% of prevalent insulin
users, 3.25% of new OHA users, and 3.45% of prevalent
OHA users. After adjustment for covariates, new insulin
users had a significantly higher risk of death (adjusted
hazard ratio (aHR) 1.59, 95% confidence interval (CI) 1.46
to 1.74) and ED visit/readmissions (aHR 1.17, 95% CI
1.12 to 1.22) than prevalent OHA users.
CONCLUSIONS: Initiation of insulin therapy in older hos-
pitalized patients is associated with a higher risk of death
and ED visits/readmissions after discharge, highlighting
a need for better transitional care of insulin-treated
patients.
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BACKGROUND

Starting insulin therapy in older persons can be dangerous if
ongoing support is not ensured. The Institute for Safe Medi-
cation Practices lists insulin as a Bhigh-alert^ medication,
whereby it can cause significant harm if used in error.1 Insulin
is often initiated in hospitalized patients to manage hypergly-
cemia2, which can be continued at discharge to improve long-
term glycemic control. Previous clinical trials have shown that
intensive glycemic control reduces long-term risk of micro-
vascular complications.3, 4 Moreover, insulin treatment of
hospitalized cardiac patients decreases mortality after dis-
charge5, 6 although this has not always been confirmed.7 These
benefits may be offset by a higher risk of hypoglycemia and
associated adverse events with very low glycemic targets8

especially in heterogeneous patient populations.9, 10 Observa-
tional studies show that insulin therapy is associated with a
higher risk of hypoglycemia, cardiovascular events, and death
compared with other glucose-lowering agents.11–16 Hypogly-
cemia events now exceed hyperglycemic presentations to
acute care17 particularly in elderly, comorbid patients.9, 18

Substantial education and support are required for patients
and their families initiated on insulin in hospital, to ensure
safe use of insulin after discharge.19 This instruction is often
given at a time of competing interests during an inpatient
admission, and insulin needs may change after discharge as
patients return to their usual lifestyle and health status. Ensur-
ing ongoing insulin support is thus essential during the dis-
charge transition to maintain adequate glycemia and reduce
adverse events. Evidence regarding outcomes after discharge
of insulin-treated patients is conflicting and little is known
about adverse events in patients newly prescribed insulin at
hospital discharge.
This study evaluated the risk of adverse outcomes after a

hospitalization among older patients who were discharged on
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anti-hyperglycemic therapy. Our objective was to determine
whether the 30-day post-discharge risk of death and emergen-
cy department (ED) visits or readmissions were higher in
patients newly started on insulin compared with patients tak-
ing oral hypoglycemic agents (OHAs). To determine the spec-
ificity of the association between new insulin use and adverse
outcomes, we also evaluated outcomes in new OHA users and
in patients who were already taking insulin at admission.

METHODS AND STATISTICAL ANALYSIS

We conducted a population-based, retrospective cohort study
using administrative health care databases from the province
of Ontario, Canada. These databases include over 1,878,325
residents aged 66 years and older, for whom most prescription
medications are captured through the provincial drug plan.

Data Sources

Hospital admissions were identified using the Canadian Insti-
tute for Health Information Discharge Abstract Database
(CIHI-DAD), which contains data on up to 25 International
Classification of Disease (ICD)-10 diagnosis codes, and the
National Ambulatory Care Reporting System (NACRS) to
identify emergency department (ED) visits. Prescriptions were
captured using the Ontario Drug Benefit (ODB) database,
which contains records of all outpatient prescriptions for indi-
viduals aged 65 and older.20 We used the Ontario Health
Insurance Plan (OHIP) database to identify physician claims
and the Registered Persons Database (RPDB) to obtain demo-
graphic information and deaths. These datasets were linked
using personal unique encoded identifiers and analyzed at the
Institute for Clinical Evaluative Sciences (ICES).

Study Population and Cohort Definition

The study population included patients aged 66 years and older
discharged alive from a non-elective hospitalization episode be-
tween April 1, 2004, and November 30, 2013, and dispensed a
prescription of insulin or anOHAwithin 7 days of their discharge
date. The age group 66+ provides a 1-year look-back for database
coverage as of age 65 years. When multiple admissions fit the
criteria for a given patient, a random hospital episode was chosen
using a randomnumber generator.We excluded patients admitted
to/from another facility (e.g., rehabilitation, continuous complex
care, mental health institution, palliative care) due to differing
goals of care and hospitalizations that were greater than 30 days
because of their more complex discharge issues.

Drug Exposure

Anti-hyperglycemic drug exposure was categorized into four
mutually exclusive groups, according to prescriptions dis-
pensed in the 7 days post-discharge and in the 365 days before
the index hospitalization: (1) new insulin use, ≥ 1 insulin pre-
scription (± OHA) post-discharge and no insulin (± OHA)

before hospitalization; (2) prevalent insulin use, ≥ 1 insulin
prescription (± OHA) post-discharge and before hospitaliza-
tion; (3) newOHA use, ≥ 1 prescription for ≥ 1OHA only post-
discharge and no anti-hyperglycemic medication before hospi-
talization; and (4) prevalent OHA use, ≥ 1 prescription for ≥ 1
OHA only post-discharge and before hospitalization. The latter
category served as the referent to which all other exposures
were compared, due to their lower risk for adverse events.
Patients who had been dispensed insulin before admission but
not after discharge were excluded, as we could not determine
which of those patients had insulin discontinued in hospital
versus those in whom no changes were made.

Study Outcomes
The primary outcome was all-cause mortality within 30 days of
the index date (discharge). Deaths were identified using the
RPDB enriched with the hospital discharge abstract database
for deaths that occurred in a subsequent hospitalization. As
secondary outcomes, we examined 30-day ED visits or readmis-
sions for any cause and for hypo/hyperglycemia (ICD-10 code
R739, E10-E16) as the main diagnosis. The composite outcome
of 30-day deaths and ED visits/readmissions was also recorded.

Covariates

We identified sex, age, low-income (determined by linking
neighborhood postal code) and long-term care residence
flagged by the ODB database, rural residence, Charlson
Comorbidity Score,21 number of unique medications dis-
pensed in the prior year,22 dementia, cardiovascular disease
and chronic renal failure in the prior 5 years, index admission
to a teaching hospital, consultation with an endocrinologist
during index admission, and length of stay. LACE+ index was
determined for each individual (a validated score to predict
post-discharge death or readmission23, 24): this incorporates
length of hospital stay (L), acuity of admission (A), comor-
bidity (C), and emergency department utilization in the prior
6 months (E), patient age and sex, hospital teaching status,
acute diagnoses and procedures, number of alternative level of
care days, and number of admissions in the prior year.

Statistical Analysis

The cumulative incidence of each outcome by the exposure
group was calculated using Kaplan-Meier survival analyses.
We performed Cox proportional hazards regression analyses
to compare primary and secondary outcomes in new insulin
users, new OHA users, and prevalent users to the referent
group (prevalent OHA use). Cause-specific hazard ratios
(HRs) were estimated to account for competing risk of death
when analyzing ED visits/readmissions. Crude HRs were
calculated and adjusted for all covariates except for Charlson
Comorbidity Score, hospital length of stay, and unique num-
ber of medications due to their potential high correlation with
the LACE+ index.23, 24 We tested for an interaction between
an endocrinologist consultation and drug exposure to
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determine the differential effect of specialized inpatient diabe-
tes support on outcomes, and performed stratified analyses for
significant interactions.

Sensitivity Analyses. There were three sensitivity analyses
conducted as part of this study. First, we repeated

analyses stratifying index hospitalizations by most
responsible diagnosis: (1) cardiovascular disease (ICD-
10 code I20-25), (2) diabetes (ICD-10 code E10-E14),
and (3) other. Second, to address the possibility of
differential care in more frail patients, we repeated all
analyses excluding patients with dementia or long-term

Figure 1 Participant flow diagram of cohort creation and exclusions.
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care residence. Third, we repeated all analyses using a
90-day window to determine robustness of effects over a
longer period. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC). All statistical
tests were two-sided with a significance level of 0.05 to
denote statistical significance.

RESULTS

Baseline Data

Our study population included 104,525 individuals discharged
from hospital between April 1, 2004, and November 30, 2013,
who fulfilled the inclusion criteria (Fig. 1). Of these, 9592
(9.2%) were new insulin users, 25,203 (24.1%) were prevalent
insulin users, 7712 (7.4%) were new OHA users, and 62,018
(59.3%) were prevalent OHA users (Table 1). Prevalent insu-
lin users had the highest LACE+ and Charlson Comorbidity
Score, had the highest rates of cardiovascular disease and
chronic renal failure, and were on the highest number of
medications. In contrast, dementia and LTC residence were
most common in new insulin users. New insulin users also had
a longer median length of stay than other groups.

Adverse Outcomes After Discharge

There were 4297 deaths (4.1%) within 30 days after discharge.
Of the deaths, 50.6% occurred out of hospital; 49.5% of hospital
visits resulted in a readmission. New insulin users had the
highest 30-day mortality (7.1%, 95% confidence interval (CI)
6.64–7.67) and proportion of out-of-hospital deaths (60.1%),
followed by prevalent insulin users and new OHA users.

There were 27,382 (26.2%) ED visits or readmissions; 767
(2.8%) were for hypo/hyperglycemia. ED visit/readmission
rates were also higher among new (27.6%, 95% CI 27.2–
29.0) and prevalent (29.5%, 95% CI 29.2–30.3) insulin users
than among new (25.0%, 95% CI 24.2–26.1) and prevalent
(24.8%, 95% CI 24.6–25.3) OHA users (Table 2).

Primary Analysis. After adjusting for covariates, 30-day mor-
tality was significantly higher for all exposure groups com-
pared with prevalent OHA users (Table 2). New insulin use
was associated with the highest risk of death (adjusted HR
(aHR) 1.59, 95%CI 1.46–1.74); prevalent insulin use and new
OHA use were associated with adjusted HRs for 30-day
mortality of 1.12 (95% CI 1.04–1.21) and 1.26 (95% CI
1.11–1.44) respectively.
The risk of ED visits or readmissions was also significantly

higher in all exposure groups compared with prevalent OHA
users (new insulin: aHR 1.17, 95% CI 1.12–1.22; prevalent
insulin: aHR 1.15, 95% 1.11–1.18; and new OHA: aHR 1.05,
95% CI 1.00–1.10). Similar trends were seen for the compos-
ite outcome. When only ED visits/readmissions for hypo/
hyperglycemia were considered, the risk for new insulin users
was over twofold higher than that for prevalent OHA users
(Table 2). We did not find collinearity between the LACE+
score and other variables on adjusted analyses. There was a
significant interaction between an endocrinologist consulta-
tion and drug exposure on mortality; however, this was no
longer significant once adjusted for other covariates.

Sensitivity Analyses. Results were similar when we restricted
analyses to index admissions for cardiac and other causes
(Fig. 2), although among cardiac admissions only new

Table 1 Baseline Characteristics, by Medication Exposure Group

Prevalent OHA
N = 62,108

New insulin
N = 9592

Prevalent insulin
N = 25,203

New OHA
N = 7712

Demographic variables
Age (years), mean (SD) 79.1 (7.3) 78.4 (7.6) 77.6 (7.0) 77.5 (7.4)
Female sex, N (%) 31,313 (50.5%) 4733 (49.3%) 13,127 (52.1%) 3531 (45.8%)
Rural residence, N (%) 9316 (15.0%) 1133 (11.8%) 3844 (15.3%) 1240 (16.1%)
Low-income status, N (%) 21,479 (34.6%) 2910 (30.3%) 8193 (32.5%) 1889 (24.5%)
Long-term care residence, N (%) 6819 (11.0%) 2199 (22.9%) 4936 (19.6%) 401 (5.2%)
Comorbidities
Charlson Scorea, mean (SD) 2.29 (1.51) 2.66 (1.66) 2.74 (1.60) 2.23 (1.49)
LACE plus indexb, mean (SD) 67.8 (14.8) 68.5 (15.1) 71.7 (14.8) 63.8 (15.1)
Dementia, N (%) 15,820 (25.5%) 3007 (31.3%) 7290 (28.9%) 1181 (15.3%)
Cardiovascular disease, N (%) 31,182 (50.3%) 4370 (45.6%) 15,086 (59.9%) 3592 (46.6%)
Chronic renal failure, N (%) 16,216 (26.1%) 3813 (39.8%) 12,662 (50.2%) 1337 (17.3%)
Number unique medications, median (IQR) 13 (9–17) 12 (9–17) 16 (12–21) 8 (4–14)
Index hospitalization
Main diagnosis
Cardiac disease, N (%) 9637 (15.5%) 1280 (13.3%) 4697 (18.6%) 1278 (16.6%)
Diabetes, N (%) 2541 (4.1%) 2204 (23.0%) 2730 (10.8%) 929 (12.0%)
Other, N (%) 49,840 (80.4%) 6108 (63.7%) 17,776 (70.5%) 5505 (71.4%)
Length of hospital stay (days), median (IQR) 6 (3–10) 9 (5–15) 7 (4–12) 7 (4–12)
Teaching hospital, N (%) 15,644 (25.2%) 2265 (23.6%) 6310 (25.0%) 1963 (25.5%)
Endocrinologist consultation, N (%) 5274 (8.5%) 2637 (27.5%) 3638 (14.4%) 1246 (16.2%)

N number, OHA oral hypoglycemic agents
aThe Charlson Comorbidity Index is a method of weighting comorbidities based on ICD diagnostic codes, to derive a comorbidity score for a patient
bLACE plus index is a score to predict risk of post-discharge death or non-elective readmission using health care administrative data validated in the
Ontario population
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insulin users had a significantly increased mortality (Fig. 2a).
Conversely, when we restricted to diabetes admissions, the
association between new insulin and post-discharge outcomes
largely disappeared. Findings were similar when we excluded
patients with dementia or LTC residence, and when the post-
discharge window was extended to 90 days.

CONCLUSIONS

We found a significantly higher 30-day mortality and ED visit
or readmission risk in older patients who were discharged from

hospital on insulin therapy. The highest risk was seen among
patients newly started on insulin, who had a mortality rate of
7.1% and 28% probability of presenting to hospital within
30 days. Even after adjustment for important confounders, the
risk of death was an estimated 1.5 times higher for new insulin
users compared with patients taking OHAs. These findings are
consistent with previous observational studies of greater mor-
tality with insulin therapy.11–13, 15, 16 Prior studies were largely
in outpatient settings and did not isolate effects of insulin
initiation,11–13, 16 making it difficult to separate confounding
by indication. Our study was unique in isolating new from
prevalent insulin users, who had a higher mortality despite

Figure 2 a Forest plot of adjusted hazard ratios for 30-day mortality after discharge for each medication exposure group, stratified by reason
for index hospital admission. b Forest plot of adjusted hazard ratios for 30-day ED visits or readmissions after discharge for each medication
exposure group, stratified by reason for index hospital admission. aaHR, adjusted hazard ratio; 95% CI, 95% confidence intervals. All HRs are
compared with prevalent OHA (referent), adjusted for sex, age, low-income status, rural residence, long-term care, cardiac disease, chronic

renal failure, dementia, LACE+ score, and teaching hospital at discharge.

Table 2 Mortality and Hospital Visit Outcomes at 30 Days by Medication Exposure Group, Univariate and Multivariable Cox Proportional
Hazard Models, Complete Cohort (N = 104,525)

Outcomes Prevalent OHA (referent)
N = 62,018

New insulin
N = 9592

Prevalent insulin
N = 25,203

New OHA
N = 7712

All-cause mortality, 30 days
Events, N (%)a 2137 (3.45%) 685 (7.14%) 1224 (4.86%) 251 (3.25%)
Out-of-hospital deaths, N (%) 1026 (48.0%) 412 (60.1%) 638 (52.1%) 100 (39.8%)
In-hospital deaths, N (%) 1111 (52.0%) 273 (39.9%) 586 (47.9%) 151 (60.2%)
Unadjusted HR (95% CI) 1.00 2.12 (1.94–2.31) 1.42 (1.32–1.52) 0.94 (0.83–1.08)
Adjusted HR (95% CI)b 1.00 1.59 (1.46–1.74) 1.12 (1.04–1.21) 1.26 (1.11–1.44)
p value, adjusted HR – < 0.0001 0.0022 0.0005
Any ED visit or readmission, 30 days
Events, N (%)a 15,386 (25.0%) 2644 (28.1%) 7425 (29.8%) 1927 (25.1%)
ED visits only, N (%) 7828 (50.9%) 1322 (50.0%) 3636 (49.0%) 1049 (54.4%)
Readmissions, N (%) 7558 (49.1%) 1322 (50.0%) 3789 (51.1%) 878 (45.6%)
Unadjusted HR (95% CI) 1.00 1.14 (1.10–1.19) 1.22 (1.19–1.25) 1.00 (0.96–1.05)
Adjusted HR (95% CI)b 1.00 1.17 (1.12–1.22) 1.15 (1.11–1.18) 1.05 (1.00–1.10)
p value, adjusted HR – < 0.0001 < 0.0001 0.0529
ED visit or admission for hypo/hyperglycemia, 30 days
Events, N (%)a 302 (0.49%) 113 (1.21%) 289 (1.17%) 63 (0.82%)
Unadjusted HR (95% CI) 1.00 2.47 (1.99–3.06) 2.37 (2.02–2.79) 1.68 (1.28–2.20)
Adjusted HR (95% CI)b 1.00 2.49 (2–3.1) 2.32 (1.96–2.75) 1.72 (1.31–2.26)
p value, adjusted HR – < 0.0001 < 0.0001 < 0.0001
Composite outcome (death or ED visit/readmission), 30 days
Events, N (%)a 16,195 (26.1%) 2975 (31.0%) 7932 (31.5%) 2009 (26.1%)
Unadjusted HR (95% CI) 1.00 1.22 (1.17–1.27) 1.24 (1.21–1.27) 0.99 (0.95–1.04)
Adjusted HR (95% CI)b 1.00 1.21 (1.16–1.26) 1.15 (1.12–1.18) 1.06 (1.01–1.11)
p value, adjusted HR – < 0.0001 < 0.0001 0.0168

N number, OHA oral hypoglycemic agents, HR hazard ratio, CI confidence intervals, ED emergency department
aCumulative incidence of events over 30-day time period
bModel adjusted for sex, age, low-income status, rural residence, long-term care, cardiovascular disease, chronic renal failure, dementia, LACE+ score,
and teaching hospital at discharge
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lower comorbidity than prevalent insulin users. Our findings
provide new evidence regarding risks associated with new
insulin initiation in older patients discharged from hospital.
The association between insulin therapy and higher mortal-

ity has been attributed to an increased risk of cardiovascular
events related to hypoglycemia.9, 10, 25 Our study found that
patients initiated on insulin after a cardiac admission had the
highest mortality after discharge. This study adds to existing
evidence that the benefits of interventions seen in clinical trials
may be outweighed by greater harms, when applied in real-
world settings with more variable patient populations.26

Interestingly, we did not see a higher risk of adverse events
in insulin-treated patients who were hospitalized with diabetes
as their main diagnosis. It is possible that patients received
greater education, post-discharge support, and tailored treat-
ment when diabetes was the main focus of admission. This did
not affect readmissions in our study though inpatient diabetes
education has been associated with reduced readmissions27, 28

particularly in incident insulin users,27 suggesting that adverse
outcomes after insulin initiation may be preventable withmore
enhanced diabetes care during the hospitalization.
Our study should not signal a need to avoid insulin in hospi-

talized patients, as there are clear benefits of insulin therapy in
settings of close follow-up5, 6: an admission is an opportune time
for intensification of glycemic control.29, 30 Our findings show
that the good intentions to optimize diabetes in hospital may be
derailed after discharge without adequate transition care. Patients
may be discharged on insulin with limited self-management
skills, in metabolic flux, or with multiple medication changes.
There is good evidence that structured discharge planning
reduces length of stay and readmissions.31–33

Older patients with diabetes being discharged from hospital
often report difficulty managing medications and greater coping
difficulty associated with a higher risk of unplanned health
encounters.34 Discharge planning may be inadequate for com-
plex diabetes patients, and insulin initiation especially requires
effective education and follow-up due to the high risk of adverse
events. Our findings raise the question of what constitutes ideal
transition care or post-discharge follow-up in patients with dia-
betes in whommedications such as insulin are started in hospital.
The utility of post-discharge clinics, discharge planning, or close
health care team follow-up has well been demonstrated in chron-
ic conditions such as heart failure and general medicine admis-
sions.35–37 The evidence supporting such transition care in dia-
betes is limited but small studies do suggest benefit in terms of
readmission, particularly in patients for whom the reason for
admission was diabetes.27, 38, 39 Qualitative studies in this pop-
ulation suggest that discharge instructions and ongoing support
decrease readmissions in patients with diabetes.38, 40 Our study
was not able to accurately capture post-discharge follow-up;
therefore, further research is needed to determine the nature
and intensity of transition care needed for insulin-treated patients
after hospital discharge.
While intensive glycemic control has great benefits, strict

targets and insulin initiation may not always be appropriate,

particularly in older patients with comorbidity or limited life
expectancy19 or in whom proper discharge planning cannot be
assured. The majority of older diabetes patients with complex
health status continue to be intensively managed, despite the
harms outweighing the benefits.41, 42 A US report estimated
that 97,648 hospital visits are for insulin-induced hypoglyce-
mia every year, with one-third resulting in hospitalization and
60% causing neurologic sequelae.18 The highest risks were
seen in elderly insulin-treated patients.18 The benefits of initi-
ating insulin therapy in older, comorbid, or critically ill
patients therefore need to be carefully weighed with individual
risks.43

This study did have some limitations. First, we could not be
certain that the new prescriptions filled at discharge were
initiated in hospital. This was addressed by defining drug
exposure within the first 7 days of discharge, thereby closely
associating the prescription with hospitalization.44 Patients
who did not fill an insulin prescription after admission may
represent a higher-risk group whose insulin was stopped;
however, we did not find differences in their baseline variables
or outcomes. Second, we did not have information on potential
confounders (glycemic control, illness severity, or patient
preference). Our finding of higher risk with new versus prev-
alent insulin users reduces this concern, as the latter tended to
have a greater comorbidity burden. Third, we could not deter-
mine whether prevalent insulin or OHA users had had a major
change in their regimen during their hospitalization, or wheth-
er patients who filled their prescriptions actually took their
medication. Fourth, we did not have data on post-discharge
follow-up patterns. We do not believe that these limitations
invalidate our main conclusions given the large sample size
and robustness of the findings across sensitivity analyses.
Gaps in care continuity are an important area for patient

safety. We found that one in 12 patients discharged from
hospital that filled a prescription for insulin died and more
than one-third had an ED visit or readmission. This effect was
higher for patients started on insulin as compared with those
on oral hypoglycemic agents. While we could not determine
causality between insulin and mortality, we highlight a vul-
nerable population which needs additional resources in the
discharge transition period. Further inquiry should determine
appropriate interventions to reduce adverse outcomes after
insulin initiation in older hospitalized patients, so that the
benefits of effective diabetes management while in hospital
are maintained when patients leave the hospital.
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