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ABSTRACT
Adult patients with diabetes mellitus (DM) represent 
one- fifth of all 30- day unplanned hospital readmissions 
but some may be preventable through continuity of care 
with better DM self- management. We aim to synthesize 
evidence concerning the association between 30- day 
unplanned hospital readmission and patient- related 
factors, insurance status, treatment and comorbidities 
in adult patients with DM. We searched full- text English 
language articles in three electronic databases (MEDLINE, 
Embase and CINAHL) without confining to a particular 
publication period or geographical area. Prospective and 
retrospective cohort and case–control studies which 
identified significant risk factors of 30- day unplanned 
hospital readmission were included, while interventional 
studies were excluded. The study participants were aged 
≥18 years with either type 1 or 2 DM. The random effects 
model was used to quantify the overall effect of each 
factor. Twenty- three studies published between 1998 
and 2018 met the selection criteria and 18 provided 
information for the meta- analysis. The data were collected 
within a period ranging from 1 to 15 years. Although 
patient- related factors such as age, gender and race were 
identified, comorbidities such as heart failure (OR=1.81, 
95% CI 1.67 to 1.96) and renal disease (OR=1.69, 95% CI 
1.34 to 2.12), as well as insulin therapy (OR=1.45, 95% CI 
1.24 to 1.71) and insurance status (OR=1.41, 95% CI 1.22 
to 1.63) were stronger predictors of 30- day unplanned 
hospital readmission. The findings may be used to target 
DM self- management education at vulnerable groups 
based on comorbidities, insurance type, and insulin 
therapy.

INTRODUCTION
Diabetes is a long- term condition character-
ized by hyperglycemia when the pancreas is 
unable to produce enough insulin or when 
the body is not able to use the insulin effec-
tively to regulate blood sugar level.1 The 
former is known as type 1 diabetes mellitus 
(T1DM) and the latter as type 2 diabetes 
mellitus (T2DM).2 With advances in diag-
nosis and treatment, lifespan for patients with 
diabetes mellitus (DM), which commonly 
includes both types of diabetes, is projected 

to be longer.3 Increased lifespan and the 
high prevalence of obesity worldwide have 
quadrupled the number of adults living with 
DM from 108 million in 1980 to 422 million 
in 2014.4 Globally, DM accounts for 1.9% of 
total disability- adjusted life years5 and approx-
imately 30% of hospitalized adult patients 
with DM had two or more readmissions within 
the next calendar year.6 Complications from 
diabetes are a serious threat to healthcare 
systems and also one of the top 10 causes of 
public hospital readmissions worldwide.7 In 
2017, the hospitalization cost of patients with 
DM in the USA was $123 billion. Based on a 
20% readmission rate, it was estimated that 
$24.6 billion would be attributed to 30- day 
readmission.8 9 Patients with DM represent 
one- fifth of the overall 30- day hospital read-
missions although some may be preventable 
through better continuity of care.10

Systematic reviews (SR) of DM have mainly 
focused on the relationship between glycemic 
control and surgical outcomes11 12 and the 
economic cost to the health system.13 To 
our knowledge, no SR with meta- analysis 
(MA) has been conducted to evaluate the 
effect of patient characteristics on hospital 
readmission among adult patients with DM. 
Current literature suggests conflicting results 
in common risk factors such as gender with 
some studies showing a significant effect14 15 
while others demonstrating no evidence of 
relationship.16 Patient characteristics such 
as gender, age, race, and comorbidities may 
affect the outcomes of self- management. 
Thus, the US National Standards for Diabetes 
Self- Management Education and Support 
Task Force emphasizes their importance17 
in self- management education (SME), to 
achieve better control of glycated hemo-
globin (HbA1c) levels and reduce macrovas-
cular complications of DM.18
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The primary objective of this SR with MA is to synthe-
size evidence concerning the association between 30- day 
unplanned hospital readmissions and patient charac-
teristics (namely gender, age and race), affordability of 
medical insurance (as a proxy measurement of socio-
economic status (SES)), comorbidities, diabetes- related 
medications and inpatient factors such as length of stay 
(LOS) of index admission in adult patients with T1DM 
or T2DM.

METHOD
The protocol for this review was developed in accordance 
with the structure of the Preferred Reporting Items 
for Systematic Review and Meta- Analysis Protocols19 
and registered with PROSPERO (reference number: 
CRD42019132375).

Search strategy
The first reviewer (JGSS) conducted a systematic and 
comprehensive search of Embase (online supplementary 
appendix 1), MEDLINE (Ovid SP (online supplemen-
tary appendix 2)), and Cumulative Index to Nursing 
and Allied Health Literature (CINAHL (online supple-
mentary appendix 3)) with the assistance of a university- 
based medical librarian experienced in online database 
searching. The search was restricted to full- text journal 
articles in the English language as excluding studies in 
other languages does not lead to any bias.20 An SR found 
no evidence to support previous speculation that posi-
tive results tend to be published in English and negative 
results in non- English language journals.20 Social deter-
minants of health such as SES and patient characteristics 
are associated with health outcomes21 but such associa-
tion may vary over time and locations. Therefore, we did 

not specify a particular publication period or origin from 
a specific geographical area. We used Medical Subject 
Headings (MeSH) terms in MEDLINE (Ovid SP) and 
‘Emtree’ in Embase (as it has similar features to MeSH) 
to conduct the search. Emtree subject headings like 
‘diabetes mellitus’ were explored with other relevant 
search terms such as ‘readmission’ and ‘rehospitaliza-
tion’. A similar search strategy was also applied to identify 
relevant studies in other medical databases. A complete 
list of search strategies for all databases is provided in 
online supplementary materials.

Study design and selection criteria
We included both cohort and case–control studies 
reporting the association between patient characteristics 
and comorbidities with 30- day unplanned hospital read-
mission. Interventional studies evaluating the effect of 
an intervention on readmission are excluded. Further 
exclusions include editorials, commentaries, conference 
proceedings, case reports, case series, qualitative studies, 
secondary research and gray literature such as unpub-
lished data and government regulatory documents. 
The latter represents only a small proportion and rarely 
impacts on the findings of a review.22 The study partici-
pants were restricted to adults aged 18 years and above. 
Both T1DM and T2DM were included while gestational 
diabetes was excluded from the study. The outcome is 
30- day unplanned hospital readmission, which is inter-
nationally recognized as a performance indicator of 
hospital care.23

Data management and extraction
The final search results yielded 1179 records from all the 
selected databases, which were merged in EndNote library 
(figure 1). Two hundred and eleven duplicate studies 
were removed, and the remaining articles were exported 
to Covidence (Veritas, Health Innovation, Melbourne),24 
an SR management tool. A further 54 duplicates were 
identified, leaving 914 studies for screening. We used 
Covidence to streamline titles, screen abstracts, review 
full texts, select studies, assess risk bias, record study 
characteristics, extract and export data to RevMan V.5.3 
(Nordic Cochrane Centre, Copenhagen).25 The latter 
was used for data analysis.

Selection process
The first (JGSS) and the second (WPW) reviewers inde-
pendently screened the titles and abstracts of the imported 
articles published between 1998 and 2018 according to 
the predefined eligibility criteria. They discussed and 
resolved nine discrepancies during screening for full- 
text review. The Newcastle- Ottawa Scale (NOS) was used 
to evaluate the quality of the papers and assess risk of 
bias of the selected studies for MA.26 The NOS contains 
eight items in three broad domains: selection of the study 
groups, comparability of the study groups, and ascertain-
ment of either the exposure or outcome of interest.26 
The possible scores ranged from 0 to 9, with a score ≥7 

Figure 1 Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) flowchart of database search 
and study selection.
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generally regarded as low risk of bias.26 Consensus was 
reached at each phase before exporting the data to 
RevMan V.5.3. In seven studies where the number of 
cases pertaining to the outcome of interest was not avail-
able, the authors were contacted to provide the details.

Type of risk factors
Three demographic variables were considered as 
important baseline patient characteristics (namely 
gender, age and race) while health insurance type was 
regarded as a key social factor. The most commonly 
reported comorbid conditions such as heart failure, 
respiratory disease, depression, renal disease and hyper-
tension were also of interest. LOS of index hospitaliza-
tion (days) was frequently described and presented as a 
continuous variable in relation to readmission. Among all 
types of DM medications, insulin was the most commonly 
reported.

Age was dichotomized into <65 and ≥65 years, a 
convention and universal cut- off to define old age.27 A 
variety of non- White races were included in the selected 
articles but with low frequencies; we therefore classified 
race as White versus non- White and excluded unknown 
race to avoid any misrepresentation of the overall effect. 
We compared Medicare and/or Medicaid versus private 
insurance (including Health Maintenance Organiza-
tion, Preferred Provider Organization, Fee- for- Service, 
Point of Service Plans and any other commercial insur-
ance). Data accuracy for the pooled analyses was verified 
and confirmed by both reviewers. All outcomes were 
presented using the OR and its 95% CI with the pooled 
estimate obtained based on T1DM and T2DM combined 
as presented in most studies.

Assessment of heterogeneity and publication bias
The study subjects of the selected articles were clinically 
heterogeneous. For example, some studies evaluated 
both patients with T1DM and T2DM while others focused 
solely on patients with T2DM. The duration of the data 
collection period varied from 1 to 15 years across the 
selected studies. Thus, a random effects model was used 
to estimate the overall effect in the pooled analysis. This 
assumes that the studies represented a random sample 
from a larger population, with each study having its own 
underlying effect size and study- specific OR. Publication 
bias was evaluated by visually assessing the funnel plot 
when there were at least 10 studies included in the MA.28 
In addition, the Egger regression test was performed, 
where a p value <0.1 was specified to indicate publication 
bias.29

RESULTS
We screened 914 studies and 879 were deemed as irrele-
vant to the review questions and hence excluded from the 
full- text review (figure 1). We further excluded 12 studies 
which did not include the outcome of interest, were 
of inappropriate designs or involved duplicates. Thus, 
23 articles were included for SR (qualitative synthesis) 

and 18 studies were included in the MA (quantitative 
synthesis). The respective reasons for exclusion are listed 
in figure 1.

Characteristics of studies
The characteristics of the included studies are summa-
rized in table 1. The publication year ranged from 1998 
to 2018 and nearly 90% of the studies were published in 
the last 10 years. Except for two case–control studies,14 30 
the rest were retrospective cohort studies.9 10 15 16 31–47 The 
mean NOS score of the 21 cohort studies as assessed by 
the two independent reviewers was 8.3 and 7.9, respec-
tively, suggesting that the articles were of good quality.48 
Both assessors gave a mean score of 8.0 for the case–
control studies. Twenty- one studies were conducted in 
the USA, with one each from the UK and Australia.

Characteristics of patients
The age of all patients was at least 18 years. In partic-
ular, there were six studies16 31–35 which included patients 
above 85 years of age. The studies identified patients 
from either electronic health records (n=711 109) or 
administrative healthcare claims databases (n=37 681 
177). The International Classification of Diseases, 
Ninth Revision (ICD-9) 250 code series was commonly 
used to define DM. However, an Australian study32 used 
the ICD-10, with modification. Two studies31 44 did not 
explicitly state how diagnosis of diabetes was ascer-
tained, although data sources were mentioned. Most 
studies included both T1DM and T2DM (n=36 825 049), 
except seven studies14 35 36 40 45–47 which focused solely on 
T2DM (n=1 567 237). Nearly half of the studies from the 
USA9 10 14 15 36–40 43 comprised commercially insured, Medi-
care, and Medicaid patients; six studies31 33–35 41 45 exclu-
sively included Medicare beneficiaries and one study16 
involved privately insured patients. The Australian 
study32 included only subsidized veterans, war widows 
or widowers and a study in UK44 encompassed patients 
under the National Health Service with information on 
the Index of Multiple Deprivation.49

SR of 23 studies
The prevalence of 30- day hospital readmission in 13 
of the selected studies ranged widely from 10% to 
24.6%32 36 with 11 studies9 10 14–16 30 34 35 39 41 47 reporting 
a prevalence of at least 15%. Risk factors reported in 
these studies included key demographics, associated 
comorbidities and DM- related treatments. One study40 
that combined different types of comorbidities was 
excluded in the MA because pooled analysis of sepa-
rate comorbidities for 30- day hospital readmission was 
not possible. Nevertheless, it was noted that most of the 
30- day hospital readmissions included a combination of 
comorbidities such as hypertension and renal disease. 
Three studies provided only subgroup estimates of 
30- day readmission by: high versus moderate versus low- 
density neighborhood,33 hyperglycemia versus hypogly-
cemia,41 and optimal control of low- density lipoprotein 
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cholesterol, blood pressure and HbA1c versus non- 
optimal control.46 There was no difference in 30- day 
hospital readmission between the above- mentioned 
subgroups in two of the studies41 46 while Chen et al33 
found an increased risk of 30- day hospital readmission 

among the African–Americans in moderate or high- 
density neighborhoods as compared with White race. 
We excluded these three studies33 41 46 from subsequent 
MA as they did not provide relevant risk estimates 
for the entire study population. We further excluded 

Table 1 Characteristics of studies identifying significant risk factor for patients with diabetes

First author Year
Types of 
diabetes Sample size Country Study design

Variables (n)

Assessed Significant

Bennett 31 2012 T1DM and 
T2DM

1 792 826 USA Retrospective cohort study 11 7

Caughey 32 2017 T1DM and 
T2DM

848 Australia Retrospective cohort study 9 3

Chen16 2012 T1DM and 
T2DM

30 139 USA Retrospective cohort study 37 16

Chen33 2017 T1DM and 
T2DM

115 221 USA Retrospective cohort study 29 12

Chin34 1998 T1DM and 
T2DM

1376 USA Retrospective cohort study 4 0

Collins35 2017 T2DM 63 237 USA Retrospective cohort 
study—development of risk 
prediction model

15 14

Eby36 2015 T2DM 52 070 USA Retrospective cohort study 39 14

Emons37 2016 T1DM and 
T2DM

4476 USA Retrospective cohort study 20 12

Enomoto14 2017 T2DM 1 080 580 USA Case–control study 21 15

Jiang38 2005 T1DM and 
T2DM

130 751 USA Retrospective cohort study 3 0

Karunakaran39 2018 T1DM and 
T2DM

17 284 USA Retrospective cohort 
study—development of risk 
prediction model

48 27

Lin40 2015 T2DM 161 174 USA Retrospective cohort study 15 Not reported*

Lipska41 2014 T1DM and 
T2DM

33 952 331 USA Retrospective cohort 
study—12- year trend 
analysis

24 Not reported*

McCoy43 2017 T1DM and 
T2DM

342 186 USA Retrospective cohort study 10 7

McCoy42 2018 T1DM and 
T2DM

11 161 USA Retrospective cohort study 27 8

Nishino44 2015 T1DM and 
T2DM

174 932 UK Retrospective cohort study 26 13

Raval45 2015 T2DM 202 496 USA Retrospective cohort study 21 10

Robbins15 2006 T1DM and 
T2DM

88 776 USA Retrospective cohort study 11 5

Rubin10 2016 T1DM and 
T2DM

17 248 USA Retrospective cohort 
study—development of risk 
prediction model

46 10

Rubin9 2018 T1DM and 
T2DM

42 800 USA Retrospective cohort 
study—development of risk 
prediction model

15 7

Sonmez30 2017 T1DM and 
T2DM

102 694 USA Case–control study 3 3

Takahashi46 2015 T2DM 5731 USA Retrospective cohort study 4 0

Wei47 2013 T2DM 1949 USA Retrospective cohort study 7 2

The variables are significant in multivariable analysis.
*These studies were only included in the systematic review, as statistical significance was not formally evaluated and they did not provide sufficient 
information to be included in the meta- analysis.
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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another study42 which was a subset of a previously 
selected study.43

MA of 18 studies
The funnel plot for gender was asymmetric but that for 
race was not. The Egger regression test, however, did not 
suggest any evidence of publication bias (all p>0.1) for 
any of the risk factors under consideration.

Gender
The analysis of the effect of gender on 30- day readmis-
sion included 16 studies9 10 14–16 30 32 34–37 39 43–45 47 involving 
2 163 777 adult patients with DM (1 032 472 males and 
1 131 305 females). One study45 reported males having 
significantly lower risk than females in being readmitted 
within 30 days, while six studies9 16 32 34 37 43 did not show 
a significant gender effect. However, the overall pooled 
estimate (figure 2) found females to have a significantly 
lower risk of 30- day unplanned hospital readmission 
(OR=0.94, 95% CI 0.91 to 0.97).

Age
Due to the varying cut- offs in the studies, we were only 
able to include eight studies15 16 30 36–38 43 44 based on a 
cut- off at 65 years. There were 887 353 patients aged ≥65 
years as compared with 608 471 patients aged <65 years. 
Although two studies15 37 suggested increased age was 
negatively associated with 30- day readmission, aged ≥65 
years showed a significant positive association with 30- day 
hospital readmission in the pooled analysis (OR=1.23, 
95% CI 1.08 to 1.40) (table 2).

Figure 2 Forest plot of 16 studies reporting gender as a risk 
factor.

Table 2 Pooled OR estimates of specific risk factors (%) and associated 95% CI

Risk factor
Studies
(n) Category

Subjects
(n)

Number with 
30- day hospital 
readmission

Pooled OR
(95% CI)

Demographics   

Gender 16 Female 1 131 305 148 167 0.94 (0.91 to 0.97)

Male 1 032 472 156 109

Age 8 ≥65 887 353 122 710 1.23 (1.08 to 1.40)

<65 608 471 78 647

Race 14 White 1 452 006 198 337 0.89 (0.84 to 0.94)

Non- White 663 475 99 747

Insurance type 7 Medicare and 
Medicaid

589 376 97 976 1.41 (1.22 to 1.63)

Private insurance 221 078 29 042

Comorbidities

Heart failure 4 Yes 9173 2052 1.81 (1.67 to 1.96)

No 33 283 4941

Respiratory disease 8 Yes 135 281 24 203 1.33 (1.31 to 1.36)

No 468 257 66 317

Depression 6 Yes 62 871 10 524 1.32 (1.20 to 1.45)

No 441 233 51 700

Renal disease 4 Yes 84 595 16 671 1.69 (1.34 to 2.12)

No 330 966 44 477

Hypertension 6 Yes 194 365 30 292 1.01 (0.98 to 1.03)

No 114 349 15 172

Diabetes- related medication

Insulin therapy 5 Yes 272 420 38 440 1.45 (1.24 to 1.71)

No 637 554 70 684

Inpatient factor

Length of stay (days) 3 1 996 909 1.06 (1.01 to 1.12)
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Race
Analysis of the pooled effect of race on 30- day hospital 
readmission included 14 studies9 10 14 15 31 34–37 39 43–45 47 
involving 2 115 481 patients (1 452 006 White vs 663 475 
non- White). One small study34 (n=1376) showed a very 
large relative risk reduction of 30- day readmission in 
White (OR=0.18, 95% CI 0.09 to 0.35). On the other 
hand, another study44 reported that being White is asso-
ciated with increased risk of 30- day hospital readmission. 
The pooled estimate indicated a lower risk of 30- day 
unplanned hospital readmission in White as compared 
with non- White (OR=0.89, 95% CI 0.84 to 0.94).

Health insurance type
Seven studies9 10 14 15 36 37 39 based on 810 454 subjects 
(589 376 Medicare and/or Medicaid plan vs 221 078 
private insurance) were included in the analysis of insur-
ance type. Only one study9 presented a non- significant 
result. The pooled analysis demonstrated that patients 
under Medicare and/or Medicaid plan had a higher 
risk (OR=1.41, 95% CI 1.22 to 1.63) of being readmitted 
to the hospital within 30 days compared with those who 
were privately insured.

Comorbidities
Heart failure
Four studies14 16 32 37 involving 42 456 patients (9173 with 
heart failure vs 33 283 without heart failure) were avail-
able for the analysis. Heart failure was associated with a 
higher risk of being readmitted to hospital within 30 days 
(OR=1.81, 95% CI 1.67 to 1.96).

Respiratory disease
The analysis of respiratory disease was based on eight 
studies9 10 14 16 32 36 37 39 involving 603 538 patients. Two 
studies32 36 did not show a significant effect but the overall 
result demonstrated that respiratory disease was a signif-
icant predictor for 30- day unplanned hospital readmis-
sion (OR=1.33, 95% CI 1.31 to 1.36).

Depression
Six studies9 10 16 32 36 45 including a total of 504 104 adult 
patients with DM, involved 62 871 patients with depres-
sive symptoms and 441 233 without depressive symptoms. 
Two studies32 36 did not show any association between 
depressive symptoms and DM. The overall pooled esti-
mate indicated that depression was a significant risk 
factor of 30- day hospital readmission (OR=1.32, 95% CI 
1.20 to 1.45).

Renal disease
For the analysis of renal disease, there were four 
studies14 16 32 36 including 415 564 patients. The overall 
effect suggested that renal disease was associated with 
an increased risk of being readmitted to hospital within 
30 days (OR=1.69, 95% CI 1.34 to 2.12).

Hypertension
Six studies9 10 16 36 37 39 involving a total of 308 714 patients 
were included in the analysis of hypertension. The findings 

were inconclusive with two studies each suggesting a posi-
tive,16 37 negative9 36 or non- significant10 39 association 
between hypertension and readmission. Consequently, 
the overall pooled estimate showed that hypertension was 
not a significant risk factor of 30- day unplanned hospital 
readmission (OR=1.01, 95% CI 0.98 to 1.03).

Length of stay
Based on the result from the four available studies15 31 35 36 
involving 1 996 909 patients, the pooled analysis showed 
that longer LOS during the index admission was associ-
ated with increased risk of 30- day hospital readmission 
(OR=1.06, 95% CI 1.01 to 1.12).

Insulin therapy
Five studies9 10 16 39 43 involving 909 974 patients were 
analyzed for the effect of insulin therapy. The pooled esti-
mate demonstrated that insulin therapy was associated 
with increased risk of being readmitted to hospital within 
30 days (OR=1.45, 95% CI 1.24 to 1.71).

DISCUSSION
Identifying risk factors of 30- day unplanned hospital 
readmission among a heterogeneous diabetes popu-
lation is important to healthcare professionals and 
policymakers when planning SME programs for more 
effective patient- centered health education. As there 
is no one- size- fits- all approach to managing diabetes, 
understanding these risk factors is crucial for providing 
individualized SME for each patient. This is the first SR 
with MA to demonstrate that gender, age, race, health 
insurance type, comorbidities including heart failure, 
respiratory disease, depression and renal disease, LOS as 
well as use of insulin therapy were significantly associated 
with 30- day unplanned hospital readmission.

Our findings are consistent with those reported in a 
recent SR by Robbins et al,50 which did not quantify the 
effects of the risk factors. In contrast, we had specifically 
quantified the effect of four different comorbidities 
(namely heart failure, respiratory disease, depression, 
and renal disease) and other patient characteristics which 
were significantly associated with increased risk of 30- day 
hospital readmission among adult patients with DM.

Patient characteristics and social determinants
The observed reduction in risk of readmission in 
females may be explained by several factors. One study 
demonstrated that hospitalized female patients with 
DM had fewer microvascular complications.51 Apart 
from reporting better support from diabetes healthcare 
providers, and being more likely than men to receive 
SME,52 it has also been suggested that women were better 
than men in chronic disease management.53 Despite 
the significant gender differences in health outcomes, 
healthcare management plans do not take this into 
account.54 Given that men with DM have a higher risk 
of unplanned 30- day hospital readmission than women, 
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resources should be used to understand how such risk 
may be mitigated.

A possible reason for the positive association between 
age and the risk of 30- day hospital readmission was the 
associated medical morbidities among older patients.55 
Elderly patients with chronic conditions may also have 
lower health literacy which potentially affects SME and 
increases the likelihood of unplanned hospital readmis-
sions,56 thus emphasizing a need for resource allocation 
to this vulnerable group. However, such findings should 
be interpreted with caution because hospital readmission 
policies may also affect readmission rates. For example, 
in one study examining older men with heart failure and 
pneumonia, readmission rates in non- Veterans Affairs 
hospitals were lower than Veterans Affairs hospitals57 
because Centers for Medicare and Medicaid Services 
imposed financial penalties on the former for overcon-
sumption of health services.

Belonging to the White race had a protective effect 
on 30- day hospital readmission suggesting health dispar-
ities between major and minor (non- White) ethnic 
groups. Generally, Black and Hispanic patients have 
been reported to receive less effective health services 
including diabetes monitoring than White patients.58 
The minority races were also found to be disadvantaged 
in the US health system and were less likely to have insur-
ance.59 Having a private insurance plan, an indicator of 
higher SES,60 was shown to have a protective effect on 
30- day hospital readmission. Better self- management in 
DM has been shown to be significantly associated with 
higher SES61 and this may explain the lower readmis-
sion rates among the privately insured. This highlights 
the importance of universal health coverage to provide 
equal access to healthcare facilities. Racial disparities in 
healthcare access in the USA were significantly reduced 
after the Affordable Care Act health insurance was fully 
implemented in 2014.62 Healthcare practitioners should 
therefore be cognizant of the potential health disparities 
due to race, which may also be related to SES.

Comorbidities
Several studies have suggested the coexistence of heart 
failure and DM63 and the association between microvas-
cular complications of DM and heart failure.64 Insulin 
resistance and the resulting hyperglycemia can lead to 
the development and progression of atherosclerotic 
lesions, the main causal factor of cardiovascular disease.65 
The Atherosclerosis Risk in Communities Study66 has 
suggested myocardial damage in patients with DM, while 
the Framingham Heart Study has demonstrated a rela-
tionship between DM and poorer pulmonary function.67 
The association between DM and poor prognosis in 
patients with respiratory diseases68 highlights the impor-
tance of maintaining good glycemic status to improve this 
adverse relationship.67 Although common causes of read-
mission among renal patients included abnormal glucose 
metabolism and hyperinsulinemia,69 adult patients with 
DM with renal disease might also be readmitted within 

30 days for unplanned surgical procedure such as cath-
eter vascular access.70 Thirty- day hospital readmission in 
patients with depression71 and uncontrolled hypertension 
may be attributed to poor self- care management such as 
medication non- adherence.72 In our study, however, we 
could not ascertain if the lack of association between 
hypertension and 30- day hospital readmission was related 
to medication non- adherence since such information was 
not reported in the selected studies.

Many adult patients with DM have other concurrent 
long- term medical conditions such as heart failure, respi-
ratory diseases, depression, and renal disease. The results 
of this MA suggest that these patients have a higher risk 
of readmission and they should therefore be monitored 
carefully.

Inpatient factor: LOS
Several studies73 74 demonstrated that extended LOS in 
the index admission predicted hospital readmission; we 
found a similar relationship in patients with DM. The asso-
ciated treatment of comorbidities and diabetes complica-
tions74 requires a complex management and longer LOS. 
Notably, LOS is a reflection of disease complexity and 
severity.

Insulin therapy
Current evidence suggests that nearly half of the 
patients who started insulin therapy had already devel-
oped diabetes- related complications.75 Thus, a 30- day 
unplanned hospital readmission could be related to 
underlying diabetic macrovascular and microvascular 
complications. On the other hand, compliance to insulin 
therapy is generally unsatisfactory76 with possible side 
effects such as hypoglycemia.77 The use of any insulin 
therapy is an important patient safety concern and our 
finding suggests that its use warrants a more vigilant 
monitoring, particularly among older patients.78

Further discussions of other limitations
Limitations of this study included the omission of known 
important risk factors such as the Diabetes Complications 
Severity Index and the Charlson Comorbidity Index. 
The information on these indices was not consistently 
captured in the different studies, thus posing difficulty 
for inclusion in the synthesis. In addition, more than two- 
thirds of the selected papers included both T1DM and 
T2DM without a separate breakdown of each type. Thus, 
subgroup analysis on the risk factors according to type of 
diabetes could not be performed. Owing to the nature 
of the respective diseases, T1DM and T2DM may have 
different 30- day readmission risk factors and this may 
warrant further investigation in future studies.

CONCLUSION
Although most of the identified risk factors such as 
being female, being aged ≥65 years, White, and having 
comorbidities like heart failure and renal disease are not 
modifiable, an understanding of their impact on disease 
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outcomes is relevant to health professionals and poli-
cymakers for developing and updating clinical practice 
guidelines to reduce 30- day unplanned hospital readmis-
sion. Better management and monitoring of multiple 
comorbidities associated with diabetes is recommended 
to delay the progression of complications associated with 
DM, thus reducing the risk of 30- day unplanned hospital 
readmission.
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