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Diabetes inflicts a heavy burden on health care sys-
tems globally.1 In Canada and the United States, 
nearly 1 in 10 people are diagnosed with diabetes,2,3 

and this figure has been projected to increase to 1 in 5 peo-
ple by 2050.4 In 2008, diabetes cost Canada $2.18 billion in 
the form of hospital admissions, physician care and medica-
tions.5 By 2022, new cases of diabetes have been estimated 
to cost an additional $15.36 billion.6 In the US, one-quarter 
of all health care expenditures in 2017 were incurred by 
people with diabetes.3

Acute inpatient hospital admissions are the primary driver 
of health care costs related to diabetes in Canada and the US. 
In many jurisdictions, including Ontario, more than 50% of 
attributable costs in incident diabetes are ascribed to acute 
inpatient hospital admissions.3,7 Research has shown diabetes 
to portend a higher likelihood of heart failure,8 stroke9 and 
renal failure.10 However, there is a paucity of data describing 
the specific medical conditions that drive the increased fre-

quency and cost of hospital admission among people with 
diabetes. Such population-level data could specifically guide 
public policy in strengthening support for greater outpatient 
services among people with diabetes.

The objectives of this study were to identify the most 
common and costly conditions leading to hospital admission 
among patients with diabetes compared with patients with-
out diabetes.
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Background: Acute inpatient hospital admissions account for more than half of all health care costs related to diabetes. We sought 
to identify the most common and costly conditions leading to hospital admission among patients with diabetes compared with 
patients without diabetes.

Methods: We used data from the General Internal Medicine Inpatient Initiative (GEMINI) study, a retrospective cohort study, of all 
patients admitted to a general internal medicine service at 7 Toronto hospitals between 2010 and 2015. The Canadian Institute for 
Health Information (CIHI) Most Responsible Diagnosis code was used to identify the 10 most frequent reasons for admission in 
patients with diabetes. Cost of hospital admission was estimated using the CIHI Resource Intensity Weight. Comparisons were made 
between patients with or without diabetes using the Pearson χ2 test for frequency and distribution-free confidence intervals (CIs) for 
median cost.

Results: Among the 150 499 hospital admissions in our study, 41 934 (27.8%) involved patients with diabetes. Compared with 
patients without diabetes, hospital admissions because of soft tissue and bone infections were most frequent (2.5% v. 1.9%; preva-
lence ratio [PR] 1.28, 95% CI 1.19–1.37) and costly (Can$8794 v. Can$5845; cost ratio [CR] 1.50, 95% CI 1.37–1.65) among 
patients with diabetes. This was followed by urinary tract infections (PR 1.16, 95% CI 1.11–1.22; CR 1.23, 95% CI 1.17–1.29), stroke 
(PR 1.13, 95% CI 1.07–1.19; CR 1.19, 95% CI 1.14–1.25) and electrolyte disorders (PR 1.11, 95% CI 1.03–1.20; CR 1.20, 95% CI 
1.08–1.34).

Interpretation: Soft tissue and bone infections, urinary tract infections, stroke and electrolyte disorders are associated with a greater 
frequency and cost of hospital admissions in patients with diabetes than in those without diabetes. Preventive strategies focused on 
reducing hospital admissions secondary to these disorders may be beneficial in patients with diabetes. 
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Methods

Study design and setting
This is a retrospective cohort study using data collected by the 
General Internal Medicine Inpatient Initiative (GEMINI) 
study. A full description of the design and methods of the 
study has been presented previously.11 The GEMINI study 
involves 7 large hospital sites affiliated with the University of 
Toronto: St. Michael’s Hospital, Toronto General Hospital, 
Toronto Western Hospital, Mount Sinai Hospital, Sunny-
brook Health Sciences Centre, Credit Valley Hospital and 
Mississauga Hospital. The latter 2 hospitals are large commun
ity teaching hospitals serving the neighbouring city of Missis-
sauga. The remaining GEMINI hospitals are academic health 
centres in Toronto (Appendix 1, available at www.cmajopen.
ca/content/9/2/E406/suppl/DC1). All GEMINI hospitals are 
publicly funded, independently operated and provide tertiary 
or quaternary care.

Study population
We included all patients admitted to or discharged from the 
general internal medicine service at each hospital between 
Apr. 1, 2010, and Mar. 31, 2015. This included patients who 
required an intensive care unit (ICU) admission at any point 
during their hospital admission and those who were trans-
ferred to surgical services (e.g., for an amputation). There 
were no exclusion criteria.

General internal medicine admissions accounted for a sub-
stantial proportion of hospital admissions, including 39% of 
all emergency admissions.11 The most responsible care pro-
viders on the general internal medicine wards were predomi-
nantly internists. A separate inpatient cardiology ward was 
ubiquitous among all hospitals, but access to respirology, 
nephrology, hematology, gastroenterology, oncology and 
stroke wards varied. There were no separate endocrinology 
inpatient wards at any centres.

Data sources and collection
We collected patient-level characteristics for each admission, 
including demographic characteristics, diagnoses, interventions 
and discharge destination as reported by participating hospi-
tals to the Canadian Institute for Health Information (CIHI) 
Discharge Abstract Database (DAD). Each individual-level 
record included age, sex, place of residence at time of admis-
sion and discharge, most responsible discharge diagnosis, diag-
nostic and therapeutic procedures, laboratory and radiology 
test results, blood transfusions, medications and intensive care 
unit admissions (Appendix 2, available at www.cmajopen.ca/
content/9/2/E406/suppl/DC1). Unique identifiers were used 
to link all data, and analyses on a subset of data showed 98%–
100% accuracy compared with chart review.12 Patients with 
diabetes were identified using CIHI Diagnosis Code (Group 
10, Field 02) which conveys International Statistical Classification 
of Diseases and Related Health Problems, 10th Revision (ICD-10) 
codes as recorded in hospital administrative databases.

For each admission, we identified the primary discharge 
diagnosis using ICD-10 codes. Diseases were then classified 

into clinically relevant categories using Clinical Classifications 
Software, which organizes individual diagnoses into 285 
mutually exclusive categories.11

To estimate the cost of each hospital admission compara-
bly across sites and years, we used the CIHI Resource Inten-
sity Weight (RIW) for each admission13 and multiplied this 
by the annual cost per weighted case for acute inpatient cases 
that was reported for each hospital using the Ontario Cost 
Distribution Methodology.14 The RIW is determined by 
CIHI using information collected in the DAD, which cap-
tures administrative, clinical and demographic information 
on hospital discharges from all acute inpatient separations 
(i.e., transfer, death, discharge or the patient leaving against 
advice) in Canada, with the exception of Quebec. Based on 
individual factors affecting medical complexity, including 
most responsible discharge diagnosis, age and comorbidities, 
every inpatient case is assigned an RIW by CIHI. This 
approach allows for the estimation of a nationally comparable 
cost for each hospital stay, including costs related to adminis-
tration, staff, supplies, technology and equipment, but does 
not include fee-for-service physician billing costs.15 Data 
from CIHI have been validated previously16,17 and have reli-
ably formed the basis for a substantial body of clinical and 
health services research.18,19

All costs were reported in Canadian dollars.

Statistical analysis
The study population was described using means and stan-
dard deviations (SDs) or medians and interquartile ranges 
(IQRs), as appropriate for continuous or interval variables, 
and frequencies for categorical variables. We compared 
patients with or without diabetes using a Pearson χ2 test for 
frequency and distribution-free confidence intervals (CIs) for 
median cost.20 For the top 10 most frequent reasons for 
admission among patients with diabetes, we compared fre-
quency and cost of admission using prevalence ratios (PRs) 
and cost ratios (CRs). We computed PRs and CRs as the 
ratio of frequency or cost in patients with diabetes to the fre-
quency or cost in patients without diabetes.21 Given large 
sample sizes, we determined differences to be meaningful if 
they were both statistically significant (p < 0.05) and relative 
differences were greater than 10%. 

We conducted sensitivity analyses using only the first hos-
pital admission for all included patients and stratifying results 
by sex. We accounted for inflation by standardizing fiscal year 
cost of hospital stay to April 2015 using Canadian Agency for 
Drugs and Technologies in Health guidance and used the 
general consumer price index as a deflator.22 All analyses were 
conducted using R statistical software, version 3.3.2 (R Foun-
dation for Statistical Computing).

Ethics approval
Research ethics board approval was obtained from all partic-
ipating hospitals (Clinical Trials Ontario Study ID 1394). 
An exception from informed consent was obtained because 
this was a large retrospective study with minimal risk of re-
identification for any individual patient.
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Results
There were 150 499 admissions to general internal medicine 
wards across all hospital sites during the study period 
(Table 1). There were 97 316 unique patients. Overall, 41 934 
(27.8%) of all hospital admissions occurred in patients 
with diabetes, and most hospital admissions (94.1%) were 
among patients with type 2 diabetes. Among all patients 
admitted to hospital, the median age was 73 years, 50.2% 
were female and the median number of comorbidities, 
including diabetes, was 6.

Frequency of admissions
The most frequent reasons for admission to general internal 
medicine (Table 2, Table 3) among patients with diabetes 
were heart failure (7.7%), urinary tract infection (5.1%), 
stroke (4.8%), pneumonia (4.6%), chronic obstructive pul-
monary disease (4.4%), delirium (3.2%), acute renal failure 
(2.9%), sepsis (2.8%), soft tissue and bone infections (2.5%) 
and electrolyte disorders (2.4%). Based on the Clinical 
Classifications Software group of electrolyte disorders, the 

most common were hyponatremia (57.2%), dehydration 
(14.1%), hypernatremia (10.2%), hyperkalemia (6.0%) and 
hypokalemia (4.0%). 

The PRs for these conditions (Figure 1, Table 3) showed 
that acute renal failure (PR 2.02, 95% CI 1.87–2.17), heart 
failure (PR 1.88, 95% CI 1.80–1.96), soft tissue and bone 
infections (PR 1.28, 95% CI 1.19–1.37), sepsis (PR 1.22, 95% 
CI 1.14–1.31), urinary tract infections (PR 1.16, 95% CI 
1.11–1.22), delirium (PR 1.15, 95% CI 1.08–1.23), stroke (PR 
1.13, 95% CI 1.07–1.19) and electrolyte disorders (PR 1.11, 
95% CI 1.03–1.20) were the more common reasons for hospi-
tal admission among patients with diabetes compared with 
those without.

Stratifying by sex did not significantly change our 
results, with the exception of electrolyte disorders (PR 
1.23, 95% CI 1.09–1.38 in males but not statistically signif-
icant in females) and pneumonia (PR 0.88, 95% CI 0.82–
0.94 in males; PR 0.93, 95% CI 0.86–1.00 in females) 
(Appendix 3, available at www.cmajopen.ca/content/9/2/
E406/suppl/DC1).

Table 1: Characteristics of study participants, stratified by diabetes status

Characteristic
Overall 

n = 150 499
Diabetes 
n = 41 934

No diabetes 
n = 108 565

Age, yr, median (IQR) 73 (56–83) 74 (63–82) 72 (53–84)

Female sex, no. (%) 74 935 (49.7) 22 366 (53.3) 52 569 (48.4)

No. of comorbidities, median (IQR) 6 (3–8) 7 (5–10) 5 (3–8)

Cost of admission in Can$, mean ± SD 10 796 ± 25 316 12 165 ± 27 278 10 268 ± 24 497

Note: IQR = interquartile range, SD = standard deviation.

Table 2: Prevalence and cost of admission for most common reasons for hospital admissions, stratified by 
diabetes status

Most common reason 
for hospital admission

Prevalence, no. (%)*
Cost of admission, 

median, Can$

Overall
n = 150 499

Diabetes
n = 41 934

No diabetes
n = 108 565 Overall Diabetes No diabetes

Heart failure 7675 (5.1) 3228 (7.7) 4447 (4.1) 6716 6821 6670

Urinary tract infection 6902 (4.6) 2139 (5.1) 4763 (4.4) 5071 5442 4427

Stroke 6652 (4.4) 2020 (4.8) 4632 (4.3) 7122 8270 6922

Pneumonia 7465 (5.0) 1929 (4.6) 5536 (5.1) 6009 6183 5902

COPD 6648 (4.4) 1861 (4.4) 4787 (4.4) 6148 6278 6095

Delirium 4388 (2.9) 1351 (3.2) 3037 (2.8) 12 831 12 916 12 700

Acute renal failure 2760 (1.8) 1209 (2.9) 1551 (1.4) 6238 6301 6025

Sepsis 3710 (2.5) 1189 (2.8) 2521 (2.3) 10 216 10 722 10 025

Soft tissue and bone 
infections

3144 (2.1) 1038 (2.5) 2106 (1.9) 6721 8794 5845

Electrolyte disorders 3382 (2.2) 1016 (2.4) 2366 (2.2) 3768 4422 3679

Note: COPD = chronic obstructive pulmonary disease.
*Table rows arranged by descending order of prevalence among people with diabetes.
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Cost of admissions
The median costs of admission (Table 2) for each of the 
most common reasons for admission among patients with 
diabetes were $12 916 for delirium, $10 722 for sepsis, 
$8794 for soft tissue and bone infections, $8270 for stroke, 
$6821 for heart failure, $6301 for acute renal failure, $6278 
for chronic obstructive pulmonary disease, $6183 for pneu-
monia, $5442 for urinary tract infection and $4422 for elec-
trolyte disorders. 

The CRs for these conditions (Figure 2, Table 3) showed 
that admission for soft tissue and bone infections (CR 1.50, 
95% CI 1.37–1.65), urinary tract infection (CR 1.23, 95% CI 
1.17–1.29), electrolyte disorders (CR 1.20, 95% CI 1.08–1.34) 
and stroke (CR 1.19, 95% CI 1.14–1.25) were more costly 
among patients with diabetes compared with those without. 
The proportional difference in cost of admission for heart 
failure, pneumonia and chronic obstructive pulmonary disease 
were statistically significant but were not greater than our 
threshold of 10%.

Stratifying by sex did not significantly change our results, 
with the exception of acute renal failure (CR 1.13, 95% CI 

1.01–1.26 in females; not statistically significant in males), 
urinary tract infection (CR 1.23, 95% CI 1.19–1.28 in 
females; not statistically significant in males) and sepsis (CR 
1.25, 95% CI 1.15–1.35 in males; not statistically significant 
in females) (Appendix 3).

Sensitivity analyses
Sensitivity analyses that used only the first hospital admission 
for each patient (n = 96 073) did not significantly change our 
results. Adjustment for age is included in the CIHI RIW 
methodology used for cost estimation, and adjustment for 
inflation did not significantly change our results14 (Appendices 
4 and 5, available at www.cmajopen.ca/content/9/2/E406/
suppl/DC1).

Interpretation

In our study of patients admitted to the general internal medi-
cine services at 7 Toronto hospitals, nearly one-third had dia-
betes. Soft tissue and bone infections, urinary tract infections, 
stroke and electrolyte disorders were more frequent and costly 

Table 3: Most common reasons for hospital admission, stratified by increase 
in prevalence and cost of hospital admission

Cost of admission in diabetes

Increased* Not increased

Prevalence 
of admission 
in diabetes

Increased* Stroke 
Urinary tract infection 
Soft tissue and bone 
infections 
Electrolyte disorders

Acute renal failure 
Heart failure 
Sepsis 
Delirium

Not increased Pneumonia 
COPD

Note: COPD = chronic obstructive pulmonary disease.
*Both statistically significant at p < 0.05 and greater than 10% increase. 

Acute renal failure

Heart failure

Soft tissue and bone infections 

Sepsis

Urinary tract infection 

Delirium

Stroke

Electrolyte disorders 

COPD

Pneumonia

2760 (1.8)

7675 (5.1)

3144 (2.1)

3710 (2.5)

6902 (4.6)

4388 (2.9)

6652 (4.4)

3382 (2.2)

6648 (4.4)

7465 (5.0)

Most responsible diagnosis (n = 150 499) No. (%)

0.8 1.0 1.5

2.02 (1.87–2.17) 

1.88 (1.80–1.96) 

1.28 (1.19–1.37) 

1.22 (1.14–1.31) 

1.16 (1.11–1.22) 

1.15 (1.08–1.23) 

1.13 (1.07–1.19) 

1.11 (1.03–1.20) 

1.01 (0.96–1.06) 

0.90 (0.86–0.95)

PR (95% CI)

Less common More common

Prevalence ratio

Figure 1: Prevalence ratios with error bars of most responsible reasons for diagnosis. Note: CI = confidence interval, COPD = chronic obstruc-
tive pulmonary disease, PR = prevalence ratio.
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among patients with diabetes than among patients without. In 
addition, hospital admissions for acute renal failure, heart fail-
ure, sepsis and delirium occurred at a greater frequency in the 
diabetes population, but not at an increased cost.

Diabetes is a highly prevalent and potential driver of illness 
among patients admitted to hospital. A recent study found 
hypertension to be the most common comorbid condition 
among patients admitted to hospital with diabetes as the pri-
mary reason for admission.23 However, as we have shown, dia-
betes itself is rarely a reason for admission; rather, its associ-
ated morbidities frequently lead to hospital admissions owing 
to complications including soft tissue and bone infections, uri-
nary tract infections, stroke and electrolyte disorders. This 
study provides essential information for clinicians and policy 
makers to understand the broader impact of diabetes on hos-
pital admissions.

Our findings on stroke add to existing knowledge: patients 
with diabetes have about twice the risk of stroke as those with-
out diabetes.24 Rates of stroke have fallen substantially over 
the last few decades in response to the growing evidence in 
support of cardioprotective therapies and their adoption in 
clinical practice.25 Yet, based on our evidence, admissions for 
stroke remain more common in patients with diabetes.

Compared with stroke prevention, the prevention of soft 
tissue and bone infections has received less attention in the 
research literature, potentially at the expense of increased 
morbidity and mortality.26 In Canada and the US, decades of 
improvements in rates of nontraumatic lower-extremity 
amputations in patients with diabetes have recently reversed, 
especially among younger adults.27–29 A 2017 international 
meta-analysis comparing the prevalence of diabetic foot ulcers 
across 33 countries has found Canada (14.8%) to have the sec-
ond highest rate, after Belgium (16.6%).30 Foot care is one of 
the most neglected components of standard diabetes care 
practices, with only 51% of Canadian patients with diabetes 
having their feet checked as recommended.31 With the excep-
tion of recent coverage in Ontario, offloading devices are not 

currently covered for Canadians with diabetes who have foot 
ulcers.32 In addition, the prevalence of diabetes is higher in 
lower-income households,33 providing real-life context to the 
57% of Canadians with diabetes who cannot afford their nec-
essary medications, devices and supplies.34

To curb such trends in soft tissue and bone infections, 
proven preventive measures, including regular foot examina-
tion, debridement, mechanical offloading devices and chirop-
ody, must not only be available, but also easily accessible for 
patients with diabetes who often lack economic or social capi-
tal. As part of increasing efforts to integrate information tech-
nology into medicine,35 the use of telemedicine36 and social 
media37 in diabetes foot care may help fill in gaps in accessibil-
ity and knowledge dissemination. Given the projected 
increase in the burden of diabetic foot ulcers, including fre-
quent and costly admissions to hospital as shown in our study, 
increased primary care efforts and public funding should be 
directed specifically toward proven preventive strategies and 
modernized approaches.38

Most of the diabetes-related conditions identified in our 
study were vascular in nature, except for urinary tract infec-
tions, delirium and electrolyte disorders. The increased bur-
den of hospital admission secondary to urinary tract infections 
in patients with diabetes is consistent with existing knowl-
edge.39 Diabetes is associated with a higher risk of asymptom-
atic bacteriuria, urinary tract infections and severe complica-
tions. Whether patients with diabetes should be treated if they 
have asymptomatic bacteriuria is unknown and may be an 
important focus of future research. In addition, ongoing 
review of the safety of sodium-glucose cotransporter-2 inhibi-
tors, which are gaining prominence in diabetes care, is needed 
to understand its impact on urinary tract infections among 
patients with diabetes.40

Although delirium may be caused by any of the identified 
comorbid conditions, there is limited literature on how diabe-
tes itself can predispose an individual to delirium. Diabetes 
has been associated with both Alzheimer disease and vascular 

Soft tissue and bone infections 

Urinary tract infection 

Electrolyte disorders 

Stroke

Sepsis

Pneumonia

Acute renal failure

3144 (2.1)

6902 (4.6)

3382 (2.2)

6652 (4.4)

3710 (2.5)

7465 (5.0)

2760 (1.8)

6648 (4.4)

7675 (5.1)

4388 (2.9)

Most responsible diagnosis (n = 150 499)

Cost ratio

No. (%)

1.0 1.2 1.4

 

 

 

 

 

 

 

 

 

CR (95% CI)

1.50 (1.37–1.65) 

1.23 (1.17–1.29) 

1.20 (1.08–1.34) 

1.19 (1.14–1.25) 

1.07 (0.99–1.15) 

1.05 (1.03–1.07) 

1.05 (0.97–1.13) 

1.03 (1.02–1.04) 

1.02 (1.01–1.03) 

1.02 (0.98–1.05) 

COPD

Heart failure

Delirium

Less costly More costly

Figure 2: Cost ratios with error bars of most responsible reasons for diagnosis. Note: CI = confidence interval, COPD = chronic obstructive 
pulmonary disease, CR = cost ratio.
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dementia,41 yet studies on its association with delirium have 
yielded mixed results and have been conducted primarily in an 
intensive care setting.42 One plausible hypothesis is that the 
generation of microvascular malformations in the central ner-
vous system from persistent metabolic derangements leads to 
endothelial damage and deregulated angiogenesis.43 Given 
that the prevalence of delirium among our patients with dia-
betes was 15% greater than among those without, further 
studies are warranted to understand the mechanism behind 
this increased prevalence.

Electrolyte disorders were one of the most frequent and 
costly reasons for admission in patients with diabetes, yet pre-
ventive strategies are lacking. The multifactorial nature of its 
pathophysiology in diabetes, likely including poor nutrition, 
impaired gastrointestinal absorption, acid–base abnormalities 
and pharmacological agents, makes electrolyte abnormalities a 
challenging condition to prevent.44 Further studies that aim to 
elucidate the individual pathophysiologic mechanisms of elec-
trolyte disorders in patients with diabetes will be necessary to 
develop outpatient strategies for monitoring and prevention.

Finally, heart failure was the most common reason for 
hospital admission among patients with diabetes, a relation 
that has been well established.45 New treatment options for 
this particular demographic have been emerging. For 
instance, a meta-analysis evaluating cardiovascular out-
comes among patients with type 2 diabetes using sodium-
glucose cotransporter-2 inhibitors found that these medica-
tions have shown promising effects of reducing hospital 
admissions secondary to heart failure by about 30%, regard-
less of presence of atherosclerotic cardiovascular disease or 
heart failure at baseline.46

Limitations
There are several limitations to our study. Our patients with 
diabetes were restricted to those who were admitted to a 
general internal medicine service for some portion of their 
hospital admission and did not include patients admitted to 
surgical, psychiatric or subspecialty medical services. Thus, 
the frequency of admissions secondary to diabetes-related 
complications or severe complications may be underesti-
mated. However, more than one-third of emergency depart-
ment admissions are to a general internal medicine service; 
therefore, our data capture the largest group of patients 
requiring hospital admission and represent a crucial health 
services group on which to focus.11 

Our cost estimates did not take physician billing and out-
patient expenses into account; therefore, the costs of admis-
sion may have been underestimated, which may have affected 
the CR methods we adopted. Using the RIW, we were able to 
estimate the cost of hospital admission, but not out-of-pocket 
costs such as mechanical offloading devices. However, RIW 
has been used previously in similar studies7,47 and provides a 
reasonable and comparable estimation of the direct health 
care costs attributable to diabetes. 

There remains a residual risk of clustering at the hospital, 
physician and admission levels. We conducted sensitivity anal-
yses using only the first hospital admission, and the results 

were robust. Our patient population came from only 2 cities 
in Canada. However, our inclusion of the 5 largest hospitals 
in Toronto and the only 2 hospitals in Mississauga, Canada’s 
first and ninth most populous municipalities respectively, adds 
to the generalizability of our findings. Lastly, the number of 
comorbid conditions in the comparison of patients with dia-
betes and patients without diabetes was not adjusted. 

Conclusion
A substantial portion of acute hospital admissions are associ-
ated with diabetes. Our study characterizes the frequency and 
costs associated with acute inpatient hospital admissions to a 
general internal medicine service from various diabetes-
related conditions. Based on our findings, a preventive strat-
egy focused on reducing hospital admissions secondary to soft 
tissue and bone infections, urinary tract infections, stroke and 
electrolyte disorders in patients with diabetes may be benefi-
cial in this high-risk group.
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