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ABSTRACT

Introduction: Previous reviews have demon-
strated that dementia and diabetes mellitus,
separately, can worsen the hospital outcomes of
patients. Unfortunately, there are no systematic
evaluations regarding the hospital outcomes of
patients with dementia and diabetes mellitus as
a comorbidity. Therefore, our review aimed to
determine any differences in hospital length of
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stay, hospital mortality, and hospital readmis-
sion between patients with the comorbidity and
patients without.

Methods: Searches were conducted of Medline,
CINHAL, EMBASE, PsychINFO, Web of Science
and Google Scholar for original studies. All stud-
ies were quality assessed using the Joanna Briggs
Institute critical appraisal tools. Where possible,
studies were pooled in a meta-analysis to gener-
ate odds ratios (OR) with 95% confidence inter-
vals (CI).

Results: Sixteen studies were included in this
review. When comparing patients with the
comorbidity to patients with dementia, the dif-
ference in length of stay was inconclusive, and
there was no difference in the odds of hospi-
tal mortality (OR=0.98, 95% CI 0.91-1.06).
However, patients with the comorbidity had
increased odds of 30-day readmission compared
to patients with dementia alone (OR=1.20, 95%
CI 1.14-1.26). When comparing patients with
the comorbidity to patients with diabetes, those
with the comorbidity had a longer length of stay
and but no difference in the odds of hospital
mortality (OR=1.48, 95% CI 0.84-2.62). Addi-
tionally, those with the comorbidity may have
worse readmission outcomes than those with
diabetes alone.

Conclusions: Our findings suggest that patients
with comorbid dementia and diabetes mellitus
may have worse hospital outcomes. Therefore,
we recommend further research to assess these
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patients’ hospital outcomes to resolve the dis-
crepancies found.

Keywords: Diabetes; Dementia; Hospitalised
patients; Readmission; Length of stay; Hospital
mortality

Key Summary Points

Why carry out this study?

Separately, dementia and diabetes mellitus
can increase a patient’s risk of hospitalisation
and patients with either condition can have
worse outcomes when admitted to hospital

However, these two conditions are not sepa-
rate issues—diabetes mellitus is a well-estab-
lished risk factor for dementia development

Our review aimed to answer, ‘Is there any
difference in the hospital outcomes between
patients with the comorbidity and patients
with a single diagnosis of either dementia or
diabetes mellitus?’

What was learned from the study?

Hospital patients with comorbid dementia
and diabetes mellitus can have worse hospital
outcomes than those with a singular diagno-
sis

Additional research should be conducted on
this inpatient group regarding risk factors
and causes of poor hospital outcomes which
can lead to the development of evidence-
based practices and guidelines

INTRODUCTION

Background

Diabetes mellitus is a common chronic meta-
bolic condition with ~422 million people world-
wide living with the condition and an increasing
projected prevalence [1]. Over time, complica-
tions develop from the damage caused by high

blood glucose [2]. This includes cardiovascular
disease, renal disease, neuropathy, retinopathy,
foot disease, and importantly dementia [2].

Dementia is a cognitive syndrome resulting
in a decline in brain functioning with Alzhei-
mer’s disease being the most common cause [3].
Primarily, it is a condition of old age, mainly
affecting those over 65 years old [3], with an
estimated 55 million people living with demen-
tia worldwide [3]. Consequently, it is the sev-
enth leading cause of death worldwide and a
major cause of disability and dependency [3].

Importantly, dementia and diabetes mellitus
are not separate issues. Diabetes mellitus is a
well-established risk factor for dementia devel-
opment [4]. The potential mechanisms behind
this are unclear and complex but there is evi-
dence that brain atrophy and protein deposition
forming plaques in the brain in dementia can
be increased by having diabetes [5]. Some have
even called Alzheimer’s disease ‘type three dia-
betes mellitus’ [6]. Patients with both dementia
and diabetes mellitus diagnoses will be referred
to as patients with the comorbidity throughout
this review.

Separately, dementia and diabetes mellitus
can increase a patient’s risk of hospitalisation [7,
8]. Additionally, patients with either condition
can have worse outcomes when admitted to hos-
pital [9-11]. This includes longer hospital stays
and an increased risk of mortality during their
admission [11, 12]. Currently, there is limited
research and systematic evaluation regarding
hospital patients with comorbid dementia and
diabetes mellitus. Previous systematic reviews
have only established the outcomes of hospital
patients with dementia and diabetes mellitus
separately [13, 14]. No systematic reviews have
evaluated the impact of the comorbidity on hos-
pital outcomes for this group of inpatients.

This systematic review aimed to fill this gap
to advance our knowledge of the comorbid-
ity and its implication for hospital patients.
Understanding the hospital outcomes of these
patients can shed light on the challenges and
complexities associated with the comorbidity.
At the same time, providing a valuable insight
into these patients’ overall care during their
hospital admission [15]. Potentially assess-
ing whether current practices and guidelines
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are adequate for the hospital management of
patients with comorbid dementia and diabetes
mellitus.

Specifically, our review aimed to answer, ‘Is
there any difference in the hospital length of
stay, hospital mortality and hospital readmis-
sion between patients with the comorbidity
and patients with a single diagnosis of either
dementia or diabetes mellitus?’.

METHODS

Protocol and Registration

This systematic review was conducted in
accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement [16]. Before conduct-
ing this review, the protocol was registered on
the International Prospective Register of Sys-
tematic Reviews (PROSPERO, http://www.crd.
york.ac.uk/PROSPERO, CRD42023421514).

Literature Search

The following databases were originally
searched on the 18th of January 2023: Ovid
Medline (1946 to present), Ovid Embase (1974
to present), EBSCOhost CINAHL, EBSCOhost
PsychINFO, Web of science. A further search
was conducted on Google Scholar, with only
the first 100 articles, sorted by relevance, being
screened. No date or language restrictions were
applied to the searches. An updated search on
the 1st August 2023 was also conducted.

The search strategy was developed based on
three concepts: dementia, diabetes, and hos-
pitalisation. A university research librarian
reviewed the search strategy. Review outcomes
were not included in the search strategy to
increase the number of records retrieved for
screening. See Supplementary Table S1 for the
search strategy.

The results from the searches were exported
onto EndNote (version 20) before de-duplication
by the first reviewer (KGD).

Study Selection

Title and Abstract Screening

The first reviewer (KGD) initially screened the
titles and abstracts of the exported studies
against three questions: (1) Is the study primary
research? (2) Does the study include a popula-
tion diagnosed with comorbid dementia and
diabetes mellitus? (3) Is the study population
hospital inpatients? If the study answered yes or
unclear to all these questions, it would proceed
to full-text screening.

Full-Text Screening

Full texts of the potentially eligible studies were
obtained. The first reviewer (KGD) screened the
full texts against the eligibility criteria (Supple-
mentary Table $2). Primary quantitative studies
of any design were eligible if they assessed at
least one hospital outcome (length of stay, mor-
tality, readmission) on inpatients with comorbid
dementia and diabetes mellitus. Based on the
eligibility criteria, studies were categorised as
included, excluded or unclear.

The second reviewer (NG) checked 10% of
the included studies, 10% of the excluded stud-
ies and 100% of the unclear studies. The first
reviewer (KGD) and the second reviewer (NG)
discussed the unclear studies to decide on their
eligibility. Any discrepancies were resolved
by the third reviewer (MH). Due to time con-
straints, two reviewers could not fully screen the
studies independently. However, inter-rater reli-
ability between the first and second reviewers
was assessed with Cohen’s kappa statistic (k) to
determine the level of agreement and reliability
in this screening process [17].

If full texts were not initially available, cor-
responding authors were contacted to gain full
access and given four weeks to respond other-
wise the study was excluded.

Study Categorisation

All included studies were categorised by the
first reviewer (KGD) into three groups based on
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the primary outcomes of this review. The three
primary outcomes of this review were hospital
length of stay, hospital mortality and hospital
readmission for inpatients. Hospital length of
stay was defined as the duration between hospi-
tal admission and discharge. Hospital mortality
was defined as if patients died during their hos-
pitalisation. Hospital readmission was defined as
when a discharged patient gets readmitted again
within a specified timeframe. Any result and
effect measure compatible with each outcome
was sought for comprehensive insight.

Data Extraction

Data extraction was completed by the first
reviewer (KGD) on a data extraction template
designed by the first reviewer (KGD). Where
available, data collected from each study
included:

e Study details: author, title, publication year,
aims, country, setting, study duration.

e Population details: total number, age range,
percentage of men.

¢ Comorbidity population details: total num-
ber, age range, percentage of men.

e Comparator group population details: diag-
nosis (dementia alone or diabetes mellitus
alone), total number, age range, percentage
of men.

e Hospital length of stay: definition, median,
mean, odds ratio, confidence intervals, p val-
ues.

e Hospital mortality: definition, number of
deaths, percentages, odds ratio, confidence
intervals, p values.

e Hospital readmission definition, number of
readmissions, percentages, odds ratio, confi-
dence intervals, p values.

¢ Additional notes: comments for other impor-

tant aspects of the study, including results
that do not fit into any section in the extrac-
tion form.

After completing data extraction, the second
reviewer (NG) checked 100% of the results to
assess for accuracy. Any discrepancies or uncer-
tainties in the data extraction process were

discussed with the third reviewer (MH). If nec-
essary, corresponding authors were contacted to
clarify or provide missing data for the studies
and given four weeks to respond.

Quality Assessment

All included studies were quality assessed using
the validated Joanna Briggs Institute (JBI) critical
appraisal tool [18] by the first reviewer (KGD).
The JBI tools contain questions that gener-
ally focus on the study population, exposures,
confounding factors, outcomes, and statisti-
cal analysis [18]. Questions could be answered
yes, no, unclear or not applicable. The quality
of studies was rated based on the percentage of
yes answers, with those scoring higher than 70%
being described as high quality, those between
50% and 69% being medium quality and those
lower than 50% being low quality. The second
reviewer (NG) checked 100% of the quality
assessment results for accuracy.

Synthesis of Results

The included studies’ results are presented in
three tables according to outcome (length of
stay, hospital mortality, hospital readmission).
Where appropriate, odds ratios, confidence
intervals and p values were calculated from
available data within the study using RevMan
software (version 5.4).

To answer this review’s question, where pos-
sible, meta-analyses were conducted to provide
a better estimate of the differences in the hospi-
tal outcomes between patients with the comor-
bidity and those without the comorbidity [19].
Before meta-analysis, an assessment of clinical
and methodological heterogeneity took place.
Only studies which were sufficiently similar were
pooled to provide a meaningtul result [20]. Odds
ratios were pooled using an inverse-variance
method and random effects model. The random
effects model was selected to accommodate the
expected heterogeneity present both within and
between studies, which can be attributed to vari-
ations in comorbidity profiles and study designs.
An assessment of statistical heterogeneity was
carried out using Higgins I statistic [21]. A value
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of more than 75% was classified as considerable
heterogeneity [20]. The meta-analysis was car-
ried out using RevMan (version 5.4). Studies that
were not sufficiently similar to be combined in
a meta-analysis were eligible for narrative syn-
thesis, which summarised the differences in the
hospital outcomes.

Ethics

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Selection

The results from the complete search can be
seen in the PRISMA flowchart (Fig. 1). After data-
base searching, 4679 records were identified. Of
these, 16 studies met the inclusion criteria and
were included in the review [22-37]. Cohen’s
kappa statistic indicates perfect agreement
between the two reviewers in our screening
process (k=1). See Supplementary Table S3 for
Cohen’s kappa calculation table. The updated
search found no additional studies that met our
inclusion criteria.

Study Characteristics

The characteristics of all the included stud-
ies [22-37] are summarised in Table 1. The 16
included studies [22-37] took place between
2011 and 2022 across eleven countries in
four different continents. Most of the stud-
ies included were observational in design,
including cross-sectional (n=11) [22, 23, 26,
27, 29, 31-36], cohort (n=3) [24, 25, 28], and
case—control (n=1) [37] studies. However, one
randomised control trial [30] was also eligible
for inclusion. Across the studies, there were
252,490 hospital inpatients reported with the
dementia and diabetes mellitus comorbidity.
However, the sizes of the studies varied, rang-
ing from a population of just 16 patients with

the comorbidity [29] to the largest population
of 143501 [35] (median=337). The outcomes
reported were hospital length of stay (n=6) [23,
25, 29, 32, 35, 36], hospital mortality (n=11)
[22, 23, 26-28, 31-35, 37], and hospital readmis-
sion (n=6) [24, 25, 30, 32, 35, 36]. However, no
study was excluded based on missing data.

Quality Assessment

The appraisal tools for cross-sectional, cohort,
case—control studies and randomised control tri-
als were used to accommodate for the different
study designs. See Supplementary Table S4 for
the respective questions used from each tool. A
summary of the quality assessment results can
be seen in Supplementary Table S5. No studies
were excluded based on quality assessment, as
low-quality studies can still provide valuable
insight.

Eleven studies [22, 23, 26, 27, 29, 31-36] were
assessed by the cross-sectional tool. Of these,
three were medium quality [22, 23, 27] and eight
were high quality [26, 29, 31-36]. Generally, the
studies performed well regarding questions relat-
ing to sampling, reducing confounding, out-
come measures and statistical analysis. However,
nine studies [22, 23, 26, 27, 31-33, 35, 36] either
had no description or used the International
Classification of Diseases (ICD) to identify con-
ditions. The ICD is descriptive and not objective,
which can introduce information bias.

Three studies [24, 25, 28] were assessed by the
cohort tool. Of these, one was low quality [24]
and two were high quality [25, 28]. All three
studies performed well in reducing selection bias
and information bias, but only two studies [25,
28] recorded and adjusted for confounders.

The one case—control study was assessed as
medium quality [37]. There was no description
of how the exposures were measured, introduc-
ing information bias. The cases and controls
were not appropriately matched at baseline
however, it did attempt to reduce confounding
by statistical analysis.

The one randomised control trial study was
assessed as high quality [30]. There was true ran-
domisation and allocation concealment reduc-
ing selection bias. Outcomes were recorded
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Fig. 1 Flowchart of the literature search and study selection with the number of studies at each stage (7)—4679 studies
were identified through database searches conducted on 18 January 2023. After screening 16 studies were eligible
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reliably by a group of blinded experts. However,
the participants and those delivering the inter-
vention could not be blinded, introducing per-
formance bias.

Hospital Length of Stay

Six studies [23, 25, 29, 32, 35, 36] reported the
length of stay of patients with the dementia and
diabetes mellitus comorbidity. Five studies [23,
25, 29, 32, 35] reported results that compared
the patients to those with dementia alone, and
two [29, 36] compared them to diabetes mel-
litus alone. Due to high methodological hetero-
geneity in the outcomes reported, no studies
were pooled for a meta-analysis. See Supplemen-
tary Table S6 for the individual results of these
studies.

Comorbidity Versus Dementia

Five studies [23, 25, 29, 32, 35] reported this
outcome; however, there was a mixture of find-
ings. Two studies showed that those with the
comorbidity stay longer in hospital than those
with dementia alone [25, 29]. One study [35]
found that patients with the comorbidity stay
less time in hospital than patients with demen-
tia. Two studies [23, 32], found that both groups
had no difference in hospital length of stay. One
study [23] was assessed as medium quality but
five studies [25, 29, 32, 35] were of high quality.
Therefore, due to the inconsistencies between
the studies, an overall conclusion regarding the
differences between the groups’ length of stay
was unable to be determined.

Comorbidity Versus Diabetes Mellitus

Two studies [29, 36] reported this outcome, and
both indicated that those with the comorbid-
ity have a longer length of hospital stay than
patients with diabetes. One study [36] indi-
cated that patients with the comorbidity have
a mean length of stay of nearly two days longer
than those with diabetes mellitus. The sec-
ond study [29] suggests those with the comoz-
bidity stay 1.83 days compared to 1.71 days

“Outcomes are length of stay (LOS), hospital mortality (HM), or hospital readmission (HR). The units can be median (Mdn), mean (M), linear regression (LR) per-

®Those with only a dementia (DE) diagnosis or diabetes mellitus (DM) diagnosis as a comparison
centage (%), odds ratio (OR)

“Refers to patients who have a dementia and diabetes mellitus diagnosis

Table 1 continued
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(log-transformed). The studies [29, 36] were
deemed high in quality.

Hospital Mortality

Eleven studies [22, 23, 26-28, 31-35, 37]
reported the hospital mortality of patients
with comorbid dementia and diabetes melli-
tus. Seven studies [23, 26, 31, 32, 34, 35, 37]
reported results that compared patients to those
with dementia alone, and four [22, 27, 28, 33]
compared them to patients with diabetes alone.
See Supplementary Table S7 for the individual
results of these studies.

Comorbidity Versus Dementia

Seven studies [23, 26, 31, 32, 34, 35, 37] reported
this outcome. The results from six studies [26,
31, 32, 34, 35, 37] were sufficiently similar
methodologically and reported odds ratios of
in-hospital mortality, so they were combined
in a meta-analysis (Fig. 2). No significant dif-
ference in the odds of hospital mortality was
found between those with the comorbidity

and patients with dementia (OR=0.98, 95% CI
0.91-1.06). There was considerable statistical
heterogeneity (I>=89%). Five of these studies
[26, 31, 32, 34, 35] were deemed high quality,
and one [37] as medium quality.

One study [23] was not included in the meta-
analysis due to it reporting of different par-
ticipant characteristics compared to the other
included studies. This study [23] reported hos-
pital mortality in those with the comorbidity
either with or without complications and com-
pared them to patients with dementia. It showed
there was no difference in the odds of hospi-
tal mortality between these groups of patients,
regardless of whether patients with the comor-
bidity had complications. This study [23] was
assessed as medium quality due to its risk of
selection bias.

Comorbidity Versus Diabetes Mellitus

Four studies [22, 27, 28, 33] reported this out-
come. All studies were sufficiently similar
methodologically and reported odds ratios, so
they were combined in a meta-analysis (Fig. 2).

Odds Ratio Odds Ratio
a) Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Manabe et al 1.1249 0.4895  0.6%  3.08[1.18, 8.04]
Chen et al 0.9783 0.3772 1.1% 2.66 [1.27, 5.57]
Schoepf et al -0.155 0.3332 1.4% 0.86 [0.45, 1.65] —
Hernandez-Barrera et al 0.1057 0.1321 7.5% 1.11 [0.86, 1.44] T
Jimenez-Garcia et al -0.0857 0.0103 44.5% 0.92 [0.90, 0.94] ||
Miguel-Yanes et al -0.0131 0.0084 44.9% 0.99 [0.97, 1.00]
Total (95% CI) 100.0% 0.98 [0.91, 1.06]
Heterogeneity: Tau? = 0.00; Chi? = 44.19, df = 5 (P < 0.00001); I> = 89% 0’2 0%5 ) 2 5
Test for overall effect: Z= 0.51 (P = 0.61) ) Decreaséd odds Increased odds
b Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Corrao et al 1.2 0.2715 21.6% 3.32 [1.95, 5.65] —
Erdemir et al -0.1625 0.0918 25.9% 0.85 [0.71, 1.02] —m
Laskey et al -0.0726 0.0768 26.1% 0.93 [0.80, 1.08] —=r
Albaldejo-Vicente et al 0.7324 0.0356 26.5% 2.08 [1.94, 2.23] -
Total (95% CI) 100.0% 1.48 [0.84, 2.62] S
Heterogeneity: Tau? = 0.32; Chi? = 156.66, df = 3 (P < 0.00001); I*> = 98% 052 015 é S:

Test for overall effect: Z = 1.34 (P = 0.18)

Fig.2 a Forest plot for the results of the meta-analysis
assessing the odds of hospital mortality of patients with the
comorbidity compared to patients with dementia. b Forest
plot for results of meta-analysis assessing the odds of hos-

Decreased odds Increased odds

pital mortality of patients with the comorbidity compared
to patients with diabetes. CI confidence interval, IV inverse
variance, SE standard error
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The pooled result suggests no difference in the
odds of hospital mortality for patients with the
comorbidity compared to those with diabetes
alone (OR=1.48, 95% CI 0.84-2.62). There was
considerable statistical heterogeneity (I>=98%).
Two studies [28, 33] were high quality and two
[22, 27] were medium quality.

Hospital Readmission

Six studies [24, 235, 30, 32, 35, 36] reported the
hospital readmission of patients with comorbid
dementia and diabetes mellitus. Four studies [25,
30, 32, 35] reported results that compared these
patients to those with dementia alone, and two
[24, 36] compared them to patient with diabetes
alone. See Supplementary Table S8 for the indi-
vidual results of these studies.

Comorbidity Versus Dementia

Four studies [25, 30, 32, 35] reported this out-
come. Two studies [32, 35] were sufficiently simi-
lar methodologically and reported the odds ratio
for 30-day readmission, so they were combined
in a meta-analysis (Fig. 3). The pooled odds ratio
suggests those with the comorbidity have 20%
higher odds of 30-day readmission compared to
those with dementia alone (OR=1.20, 95% CI
1.14-1.26). Both studies [32, 35] were rated as
high in quality. However, there was considerable
statistical heterogeneity (I>=88%).

Two studies [25, 30] reported different out-
comes, so they were not included in the meta-
analysis. One study [25] indicated no difference
in the odds of having more than four readmis-
sions within 4 years between those with the
comorbidity and those with dementia alone

Study or Subgroup log[Odds Ratio]

Odds Ratio
SE Weight 1V, Random, 95% CI

(OR=1.67,95% CI 0.42-6.69). However, the sec-
ond study [30] indicated that patients with the
comorbidity have 23% higher odds of having
drug-related readmissions within 180 days than
those with dementia alone (OR=2.23, 95% CI
1.41-3.81). Both studies [25, 30] were rated as
high quality.

Comorbidity Versus Diabetes Mellitus

Two studies [24, 36] reported this outcome but
could not be combined in a meta-analysis due
to the different outcomes reported. One study
[24] reported a non-significant odds ratio com-
paring the odds of 30-day readmission between
patients with the comorbidity and those with
diabetes alone (OR=1.02, 95% CI 0.37-2.84).
This study [24] was assessed as low in quality
due to the risk of confounding (Supplementary
Table S5). Whereas the second study [36] sug-
gested, patients with the comorbidity have 49%
higher odds of having more than two readmis-
sions within 1 year compared to those with dia-
betes (OR=1.49, 95% CI 1.40-1.59). This study
[36] was deemed as high quality.

DISCUSSION

Our review suggests no difference in hospital
mortality but an increased odds of readmission
for patients with the comorbidity compared to
patients with only a dementia diagnosis. How-
ever, the difference in length of stay between
these two groups is uncertain. Whereas there is
an increased length of stay and increased odds
of readmission for those with the comorbidity
compared to patients with diabetes mellitus

Odds Ratio
1V, Random, 95% CI

0.1568 0.0141 47.7%
0.206 0.0093 52.3%

Jimenez-Garcia et al
Miguel-Yanes et al

Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.00; Chi’> = 8.48, df = 1 (P = 0.004); I’ = 88%

Test for overall effect: Z = 7.43 (P < 0.00001)

1.17 [1.14, 1.20] ——

1.23 [1.21, 1.25] -

1.20 [1.14, 1.26] -
0.850.9 1.1 1.2

Decreased odds Increased odds

Fig.3 Forest plot for the results of the meta-analysis assessing odds of 30-day readmission of patients with the comorbidity
compared to patients with dementia. CI confidence interval, IV inverse variance, SE standard error
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alone. There may be an increased hospital mor-
tality risk for patients with the comorbidity
compared to those with diabetes alone, but this
was non-significant.

When comparing the length of stay between
those with the comorbidity and dementia alone,
the evidence is inconsistent. Some included
studies suggest those with the comorbidity have
an increased hospital length of stay [25, 29],
with one study suggesting patients with both
diagnoses are up to nearly three times more
likely to stay longer [25]. Other included stud-
ies suggest patients with dementia stay longer
instead [35], or that there is no difference in hos-
pital stay between the two groups [32]. Unfor-
tunately, as the studies reported a mixture of
outcomes, it was impossible to combine the
findings to generate one reliable pooled result
and to derive an overall conclusion regarding
the differences between the groups. Although it
seems plausible that the addition of a diabetes
diagnosis could prolong the length of stay, com-
pared to having dementia alone, as some previ-
ous studies suggest patients with dementia stay
longer if they have comorbidities, albeit these
studies did not specifically look at the role of
a diabetes mellitus comorbidity [38-40]. How-
ever, the hospital length of stay for patients with
the comorbidity was found to be longer by up
to about two days compared to patients with
diabetes alone [36]. However, only two studies
[29, 36] were found to report this outcome in
this review, so this is supported by limited evi-
dence. Despite this, pre-existing literature can
potentially explain the findings. Patients with
dementia are more at risk of functional decline
during hospitalisation [14]. Additionally, these
patients have 49% higher odds of developing
postoperative complications in hospitals than
those without dementia [41]. Ultimately these
factors could delay discharge and negatively
affect those with the dementia and diabetes mel-
litus comorbidity compared to those with only
diabetes mellitus.

There was a non-significant difference in hos-
pital mortality between those with the comor-
bidity and those with dementia alone. The
one study not included in the meta-analysis
also reported a non-significant odds ratio [23].
There are several possible explanations for why

a comorbid diabetes mellitus diagnosis does
not significantly impact hospital mortality for
patients with dementia. This can include the
anti-inflammatory effects of insulin treatment
[42], the reduced risk of acute lung injury dur-
ing infections [43, 44] or the obesity paradox
in patients with diabetes [45]. However, our
findings should be interpreted with caution. As
there was considerable statistical heterogene-
ity in the meta-analysis (I?=89%), two studies
[32, 35] contributed to over 90% of the weight-
ing, and several studies contradict this finding
for community patients [46, 47]. In the com-
munity, patients with both diagnoses have an
85% increased risk of mortality compared to
those with dementia alone [47]. Therefore, why
this review did not find this result in hospital
patients is unclear. Again, we found a non-signif-
icant difference in the odds of hospital mortal-
ity between patients with the comorbidity and
those with diabetes mellitus alone. Although
not significant and has a high statistical het-
erogeneity (I>?=98%), the 48% higher odds of
hospital mortality in patients with the comor-
bidity may have potential clinical significance.
This is due to the consistent alignment with
community-based studies suggesting increased
mortality rates for patients with the comor-
bidity compared to those with diabetes alone
[48-50]. There is up to 46% higher mortality
risk for those with the comorbid dementia and
diabetes mellitus in the community [49]. An
increased hospital mortality risk can potentially
be explained by patients with dementia having
a greater risk of life-threatening infections [34,
51], acute organ dysfunction [52] and severe sep-
sis [53] during their admission.

Furthermore, this review indicated that those
with the comorbidity have 20% higher odds of
30-day readmission than those with dementia
alone. Studies not pooled in the meta-analysis
also support the increased readmission risk for
patients with both diagnoses but over a longer
timeframe of up to 4 years [25, 30]. This result
can potentially be explained by the increased
risk of hypoglycaemia hospitalisations in those
with the comorbidity [36, 54]. Similar research
aligns with this indicating that patients with
the comorbidity are up to 12% more likely to
be readmitted to psychiatric hospitals than
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those with dementia alone [55]. Although, it
should be noted that the reasons for psychi-
atric hospital readmissions are likely to differ
from those for general hospital readmissions.
Although the results reached statistical signifi-
cance, they should be interpreted with caution
due to the considerable statistical heterogene-
ity (I?=88) and only two studies being used to
generate one overall result in the meta-analysis.
Additionally, those with the comorbidity may
have an increased readmission risk compared
to those with diabetes mellitus alone. However,
the two included studies reported different out-
comes and one [24] was low in quality so should
be interpreted with caution due to the limited
high-quality statistically significant evidence.
Additionally, it becomes difficult to determine
the timeframe for which readmission most likely
occurs due to the varying outcomes reported.
Despite this, pre-existing literature assessing
hospitalisation risk can support the potential
increased readmission risk for patients with the
comorbidity. It has been found that patients
with diabetes have over double the hospitali-
sation rate if they have comorbid dementia,
compared to if they do not have dementia [54].
A possible explanation for this is that patients
with the comorbidity are less likely to follow rec-
ommended blood glucose monitoring regimes
compared to those without dementia due to
poor self-care [54, 56]. Therefore, patients are at
risk of diabetes-related complications that can
lead to re-hospitalisation [54].

The results from this review highlight the
negative impact the comorbidity can have on
hospital outcomes for patients. However, some
variations between the studies and inconclu-
sive findings made it challenging to derive
some definitive conclusions. Therefore further
research needs to assess all three hospital out-
comes (length of stay, mortality, and readmis-
sion) on the same cohort as this provides a better
overall evaluation of the hospital care this group
of inpatients are receiving [15]. Only two studies
in this review did this [32, 35]. In particular, fur-
ther research should compare hospital mortality
in patients with the comorbidity compared to
those with diabetes alone and to compare length
of stay and hospital mortality in patients with
the comorbidity to those with dementia alone.

This is due to our review finding studies that
report both positive and negative effect sizes in
each of these comparisons. Although the poorer
outcomes we found could suggest that patients
with both diagnoses have more complexities
that need managing when admitted to hospital,
which are not currently being addressed effec-
tively. Guidelines for managing these hospital
inpatients have been released, but they are often
non-specific and based on limited evidence [57].
Therefore, additional research should be con-
ducted on these inpatients which will lead to
developing and improving current guidelines
and practices, ensuring they are sufficiently evi-
dence-based. This should include research that
identifies the causes and predictors of poor hos-
pital outcomes. For example, identifying risk fac-
tors for readmission in this group of inpatients
can change and improve discharge planning
and follow-up. Additionally, the role of specific
management and monitoring regimes should be
investigated such as the use of closed-loop dia-
betes monitoring systems. These systems have
shown promise for diabetes mellitus inpatients
[58], but more research is needed to understand
its role in those inpatients with the comorbidity.

The studies included in this review have sev-
eral limitations. Firstly, most studies used the
International Classification of Diseases (ICD)
[59] to identify cases of dementia and diabetes
mellitus. The ICD classification system is not
diagnostic criteria, so it can be subjective. There-
fore, the reliability of the classification relies on
the healthcare provider, which can introduce
information bias [60]. It is important to note
that ICD codes are particularly poor at accurately
reflecting inpatient diabetes mellitus diagnoses
[61]. Secondly, dementia is difficult to diagnose
and is often underdiagnosed prior to hospital
admission [62]. Consequently, this could result
in underreporting of dementia in these hospital
patients further, introducing information bias
[60]. Thirdly, many studies could not measure
and account for all important factors, such as
disease duration, severity, laboratory results,
complications, and medication regimes. This
results in important covariates not being exam-
ined, which could have a confounding effect on
hospital outcomes. Fourthly, several studies were
large national databases that lacked patient-level
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identifiers; therefore, it could not be determined
if multiple admission data were from the same
person. This results in the potential overestima-
tion of sample size and can affect the conclu-
sions derived from the study. Lastly, few studies
[32, 35] measured the hospital length of stay,
hospital mortality, and readmission for the
same group of patients. All three, in combina-
tion, are needed to evaluate the overall care a
patient receives, compared to only using one of
these outcomes [15]. In addition, most of the
included studies assessing hospital length of stay
did not report sufficient results to determine if
there were statistical differences between the
groups. This made it harder to derive overall
conclusions.

Although every attempt was made to create
an accurate and reliable systematic review, there
are some limitations to be considered. One issue
is that due to time constraints, full-text screen-
ing could not be completed by two independent
reviewers as recommended [20]. This increases
the risk of errors and the possibility that the
results are influenced by a single reviewer’s
own biases [20]. To minimise this risk, a second
reviewer checked a sample of results during the
full-text screening, generating a Cohen’s kappa
score that suggested perfect inter-rater agree-
ment between the first and second reviewers.
This provides greater confidence in the review
process, despite this limitation [17]. It was not
possible for a second reviewer to be involved in
the title and abstract screening stage. However,
the first reviewer erred on the side of over-inclu-
sion at this stage to mitigate the risk of missing
eligible studies. However, the second reviewer
fully checked data extraction and quality assess-
ment to confirm accuracy. Additionally, due to
the accessibility of resources, only English-lan-
guage databases were searched, and there was
insufficient time to translate non-English studies
[20]. Grey literature was also not searched. As a
result, there is the possibility that eligible studies
meeting the inclusion criteria were not included
in this review. Furthermore, this increases the
risk of publication bias, which can skew the
results towards a positive effect [20]. Studies are
more likely to be published if they report signifi-
cant results compared to non-significant results
[20]. Due to the limited number of studies in

each meta-analysis, publication bias could not
be formerly assessed [20].

All three meta-analyses had high I* values
ranging from 88 to 98%, suggesting consider-
able statistical heterogeneity [20]. There was also
heterogeneity in the direction of the results in
individual outcomes of the included studies.
Potential reasons for this include variations in
design, geographical setting, healthcare systems,
patient demographics, and their comorbidity
profiles between studies. Ultimately, this means
that the results of the meta-analyses need to be
interpreted cautiously. Although speculative,
geographical variation could have an impact.
Two studies [26, 34] conducted in Asia were the
only studies to show that those with the comor-
bidity have a significant increase in odds of hos-
pital mortality compared to those with dementia
alone. All the other studies [23, 31, 32, 35, 37]
conducted in Europe and North America indi-
cate no difference in hospital mortality between
the two groups. Additionally, another included
study [25] conducted in Asia indicated that
those with the comorbidity have 179% increased
odds of staying longer in the hospital compared
to those with dementia alone. This is in contrast
to the other included studies conducted in non-
Asian countries, which had inconsistent results
with smaller directions of effect. These differ-
ences could arise from the variations in health-
care [63]. However, subgroup analysis was not
conducted to explore this heterogeneity as there
were not enough studies to produce a meaning-
ful result [20].

CONCLUSIONS

In conclusion, this systematic review indicated
that hospital patients with comorbid dementia
and diabetes mellitus can have worse hospital
outcomes than those with a singular diagno-
sis. However, the findings varied depending
on the patient group used for comparison.
Patients with the comorbidity had a longer
length of stay, a non-significant increase in
hospital mortality odds and an increased read-
mission odds compared to those with diabetes
mellitus. Whereas, compared to patients with
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dementia, there was only an increased odds of
readmission for patients with the comorbidity.
Differences in length of stay and hospital mor-
tality between these two groups were incon-
clusive or non-significant, respectively. These
findings suggest a need for the improved care
and management of hospital patients with the
dementia and diabetes mellitus comorbidity.
This includes further research assessing specific
predictors of the poor outcomes and assess-
ing current diabetes management regimes,
such as closed-loop diabetes monitoring, in
this patient group. It should be noted that the
included studies had some limitations, such
as subjective diagnosis classification and poor
adjustment for important covariates.
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