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ABSTRACT

Introduction: We studied the effects of dipep-
tidyl peptidase 4 (DPP4) inhibitors on glycemic
control in non-critically ill patients admitted to
hospital.

Methods: We searched MEDLINE and EMBASE
for published studies in English up to July 2019.
We included randomized clinical trials (RCTs)
that compared DPP4 inhibitors plus insulin
supplementation versus basal-bolus insulin
regimen in the management of hyperglycemia
non-critically ill patients with type 2 diabetes
admitted to hospital. Mean difference (MD),
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relative risk (RR), and 95% confidence intervals
(CI) were generated to interpret the data.
Results: Of 401 papers, four RCTs including
648 participants met inclusion criteria. There
was no significant difference in mean daily
blood glucose level between the two groups
(MD 4.63; 95% CI=-1.57, 10.83; p=0.14)
(I> = 14%, p = 0.32). Total insulin dose per day
was lower in patients receiving DPP4 inhibitors
(MD — 14.27; CI = — 22.47, — 6.07; p = 0.001)
(I =92%, p=0.001). Also, the number of
insulin injection was significantly lower in
patients receiving DPP4 inhibitors (MD — 0.79;
Cl=-1.01, -0.57; p=0.001) (=0%,
p =0.68). The rate of hypoglycemia was not
significantly different between the two groups
(RR 0.60, CI = 0.34, 1.074; p = 0.08) (I* = 37.3%,
p =0.18). Treatment failure was not signifi-
cantly different between the two groups (RR
0.87, CI=0.64, 4.8; p=038) (I*=49%,
p=0.11).

Conclusion: The results indicate that using
DPP4 inhibitors plus basal or supplemental
insulin in hospitalized patients is non-inferior
to a standard basal-bolus insulin regimen and
leads to a lower amount of insulin use and a
lower rate of insulin injection. Limitations of
this study were heterogeneity of baseline char-
acteristics of included patients, small sample
size, short duration, and non-uniformly defined
outcome assessment parameters in the included
studies.
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Key Summary Points

The presence of hyperglycemia in
hospitalized patients with and without
diabetes is associated with poor clinical
outcomes.

This is a systematic review and meta-
analysis of randomized clinical trials to
investigate the effects of dipeptidyl
peptidase 4 (DPP4) inhibitors in the
management of non-critically ill patients
with type 2 diabetes admitted to hospital.

The results revealed that using DPP4
inhibitors plus basal or supplemental
insulin in hospitalized patients with
type 2 diabetes is non-inferior to a
standard basal-bolus insulin regimen.

This approach leads to lower amounts of
insulin dose requirement and lower rates
of insulin injection.

INTRODUCTION

The presence of hyperglycemia in hospitalized
patients with and without diabetes is associated
with poor clinical outcomes such as morbidity
and mortality [1-3]. Current guidelines recom-
mend basal-bolus insulin regimens as the standard
of care for management of inpatients with type 2
diabetes [4]. But basal-bolus insulin regimens
require multiple insulin injections and may be
associated with a risk of hypoglycemia [5]. Thus a
regimen with a lower rate of hypoglycemia and a
lower rate of insulin injection could improve
inpatient management of hyperglycemia.
Among oral antihyperglycemic drugs,
dipeptidyl dipeptidase 4 (DPP4) inhibitors are
attractive considerations for use in hospitalized
patients with type 2 diabetes due to the low risk
of hypoglycemia and good tolerability [6, 7].
These antidiabetic drugs are agents that increase
the activity of the incretin system with inhibi-
tion of the degradation of glucagon-like

peptide 1 (GLP1) by the enzyme DPP4. GLP1
exerts its main effects by stimulating glucose-
dependent insulin release, slowing gastric
emptying, reducing food intake, and decreasing
postprandial glucagon excretion [8].

There has been interest in recent years in
finding alternative therapies to insulin in the
hospital. This is the first systematic review and
meta-analysis of published clinical trials using
DPP4 inhibitors for control of hyperglycemia in
non-critically ill patients admitted to hospital.

The aim of the current study is to investigate
the pooled effect of these drugs adds on basal or
supplemental insulin compared to basal-bolus
insulin regimen in patients with diabetes
admitted to hospital in non-ICU settings.

METHODS

The protocol of the current study was registered
in the international prospective register of sys-
tematic reviews (PROSPERO) with a registration
number of CRD42020166808. This article is
based on previously conducted studies and does
not contain any studies with human participants
or animals performed by any of the authors.

We used the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
statement to conduct this systematic review
meta-analysis (Table S1) [9].

The PICOS model [10], where the acronym
PICOS stands for Population (patients with
diabetes admitted to hospital), Intervention
(DPP4 inhibitor drugs plus insulin supplemen-
tation), Comparison (a basal-bolus insulin regi-
men), Outcome (mean daily glucose during
treatment), and Study design (RCT), was applied
to formulate our question.

Search Strategy

We searched in Scopus and PubMed Central for
all relevant published articles up to 9 July 2019
with no time restriction. Only articles published
in English were included in this review. Medical
subject headings (MeSH) and text words were
used to identify the studies of potential interest.
Search words included sitagliptin, vildagliptin,
linagliptin, gemigliptin, anagliptin, tenegliptin,
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alogliptin, trelagliptin, omarigliptin, evogliptin,
gosogliptin, dutogliptin, DPP4 inhibitors, AND,
inpatient, inpatients, hospitalization, hospital-
ized, hospital management.

We checked titles, abstracts, population, and
study design to find relevant articles. Articles
were downloaded into EndNote version X7 for
Windows to facilitate the review process, elim-
inate duplicate articles, and merge citations
from databases.

Eligibility Criteria

Studies were eligible for inclusion if they ful-
filled the following criteria:

e The study design was RCT.

e The intervention was oral DPP4 inhibitors
and insulin (supplement or basal or both).

e The main outcome of interest was the daily
blood glucose level during the study.

e The population of interest was adult known
cases of type 2 diabetes treated at home with
diet, oral antidiabetic agents, or with insulin
therapy, age > 18 years, and non-critically ill
that was admitted to hospital in non-ICU
settings.

e Published English studies.

Studies were excluded if:

¢ They were observational studies, review arti-
cles, case studies, or letters to editors, con-
ference papers, animal or cell culture studies,
and unrelated studies.

e They had different comparators.

e They were performed in an outpatient
setting.

¢ Duplicated publications.

All retrieved articles in the initial search were
read independently by two reviewers (SR and
AE). Any disagreements were discussed and
resolved by consensus or by a third independent
reviewer (MN) if necessary.

Data Extraction

The following data from selected studies were
extracted: general characteristics of the study
(first author’s name, year of publication, the

study design, the country where the study was
conducted), the sample size in each group,
characteristics of the participants (study popu-
lation, age, gender), and outcome results
(means and standard deviations for blood glu-
cose level at baseline and during the study, total
insulin dose per day, glycated hemoglobin
(HbAlc), number of hypoglycemic events,
number of treatment failures, and number of
injections).

Quality Assessment

The quality of the studies was evaluated with
the Cochrane risk of bias summary tool.

Statistical Analysis

Data were analyzed with Stata software ver-
sion 12 (StataCorp. College Station, Texas,
USA). The mean and SD of changes in the study
parameters from baseline were used to conduct
a meta-analysis of RCTs. A fixed-effect model
was used to calculate pooled weighted mean
differences (MD) by the user-written “metan”
command in Stata (version 12) software. Statis-
tical heterogeneity was assessed by the
Cochrane chi-squared test (p < 0.10) and the I
statistic provided the relative amount of vari-
ance of the summary effect; I? > 50% was con-
sidered to be significant heterogeneity. We used
a randome-effects model in case of heterogene-
ity. To evaluate the influence of each study, the
“metaninf” command in Stata version 12 soft-
ware was used. Because fewer than 10 studies
were included in this article, we did not perform
a metafunnel test. The “metabias” command in
Stata (version 12) software was performed.
Influence analysis was performed to find outly-
ing studies. Statistical significance was defined
as a p value of less than 0.05.

Compliance with Ethics Guidelines

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

Study Selection

The PRISMA flow diagram of the literature
search is presented in Fig. 1. We identified 401
publications in the initial search in PubMed and
Scopus. Of these, 61 records were duplicates. A
total of 340 publications underwent title and
abstract screening.

A total of 334 articles were excluded after
screening the title and abstract and six publi-
cations underwent full-text review. Two of the
six articles were excluded because of a different
comparator (placebo) in the control group [11]

and outpatient settings [12]. Finally, four stud-
ies including 648 participants were included in
our meta-analysis.

Characteristics of Included Studies

The baseline characteristics of the included
articles are summarized in Tables 1, 2, 3, and 4.
All included studies were published in the USA
[13-16] from 2013 to 2018. The duration of
these studies was from 6 to 10 days.

The participants of the studies were of both
genders. The cases received daily DPP4 inhibitor
drugs and basal or supplemental insulin and the

Records excluded by screening title
and abstract
(n=334)

Reasons for exclusions: Animal
studies, reviews, observational
studies, quasi experimental,
conference reports and books

v

Full-text articles excluded,
(n=2)
One with different comparator
(placebo) in control group

\ 4

One outpatient setting

S
Records identified through Scopus
S and PubMed database
= -
g (n=401)
=
L
c
]
S
—/ A 4
P Records after duplicates removed
(n = 340)
20
£
c \ 4
o
5 Records screened
v (n = 340)
N/
A
Full-text articles assessed
o for eligibility
3 (n=6)
]
w
v
— Studies included in
qualitative synthesis
—
(n=4)
° Y
3
= Studies included in
= quantitative synthesis
(meta-analysis)
(n=4)
N/

Fig. 1 PRISMA flow diagram of the study
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Table 1 General features of the studies

Type of
study

Study
setting

No. of patients in
comparator group

No. of patients in
intervention group

Comparator
drug

Year Country Intervention drug

Studies

RCT

Inpatient

139

138

Basal-bolus

Sitagliptin + basal

2016 USA

Pasquel et al.

insulin

insulin

[14]

Gargetal [15] 2017 USA

RCT

33 Inpatient

33

Basal-bolus

Saxagliptin + correction

insulin

insulin

RCT

26 Inpatient

29

Basal-bolus
insulin

Sitagliptin + basal
insulin

2013 USA

et al. [16]

Umpierrez
Vellanki et al.

RCT

Inpatient

122

128

Basal-bolus

Linagliptin 4 correction

2018 USA

insulin

insulin

(13]

RCT randomized clinical trial, USA United State of America, No. number

comparator group received a basal-bolus insulin
regimen.

Three of the included studies were multi-
center but conducted at the same institution
and one of the studies was a single-center study.
All of them were open-labeled randomized
clinical trials on patients with type 2 diabetes.
Blood glucose concentration before random-
ization ranged from 140 to 400 mg/dl in the
studies by Pasquel et al., Umpierrez et al., and
Vellanki et al., but Garg et al.’s study recruited
patients with HbAlc < 7.5%.

The studies by Pasquel et al. and Umpierrez
et al. compared DPP4 inhibitors + basal insulin
whereas the studies by Vellanki et al. and Garg
et al. compared DPP4 inhibitors 4+ correction
dose of rapid insulin compared to the standard
basal-bolus insulin regimen. Umpierrez et al.
studied three groups, namely sitagliptin only,
sitagliptin plus basal insulin, and basal-bolus
insulin. The last two of these groups were
included in this meta-analysis.

All studies described treatment failure as
blood glucose more than 240 mg/dl except Garg
et al.’s study that defined treatment failure as
blood glucose more than 200 mg/dl.

Meta-Analysis

The results of the meta-analysis are summarized
in Table 5.

Mean Daily Blood Glucose Level During
the Study

The effects of DPP4 inhibitors on mean daily
blood glucose levels compared to a basal-bolus
insulin regimen are presented in Fig.2. The
descriptive results of the mean daily blood glu-
cose level of each study are presented in Table 6.

In Pasquel et al.’s study the weighted mean
difference was 1.80 (95% CI = — 9.65, 13.25). In
Garg et al.’s study the weighted mean difference
was 2.90 (95% CI = — 9.93, 15.73). In Umpier-
rez et al.’s study the weighted mean difference
was — 4.10 (95% CI = — 20.02, 11.82). In Vel-
lanki et al.’s study the weighted mean difference
was 12.6 (95% CI = 1.66, 23.54).
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Table 2 Outcomes which were reported in studies

Studies Outcomes

Duration of intervention

in the hospital (day)

Pasquel et al. Blood glucose concentration, number of treatment failures, total insulin dose 8

[14] (units per day), number of insulin injections per day, hypoglycemic events

Garg et al. Mean daily blood glucose, number of patient days with at least one BG <70, 6
[15] mean daily insulin dose, number of insulin injections per day

Umpierrez Blood glucose concentration, treatment failures, total insulin use per day, 8
et al. [16] number of insulin injections, hypoglycemic events

Vellanki et al. Mean daily blood glucose, total insulin (units/day), subjects with 10
[13] hypoglycemia, treatment failures, number of daily insulin injections

Results of meta-analysis showed that there
was no significant difference in mean blood
glucose between the two groups including DPP4
inhibitor plus basal or supplemental insulin as
intervention group and basal-bolus as com-
parator group (MD 4.63; 95% CI=- 1.57,
10.83; p = 0.14) (I* = 14%, p = 0.32).

Total Insulin Dose Requirements Per Day

The weighted mean difference for total insulin
dose per day in Pasquel et al.’s study was — 9.90
95% CI=- 14.20, — 5.60). In Garg et al.’s
study, the weighted mean difference for total
insulin dose per day was — 10.90 (95% CI = —
15.44, — 6.36). The weighted mean difference
for total insulin dose per day in Umpierrez
et al.’s study was — 11.6 (95% CI = — 21.12,
— 2.08). In Vellanki et al.’s study, the weighted
mean difference for total insulin dose per day
was — 23.7 (95% CI = - 26.73, — 20.67). The
descriptive results of each study are presented in
Table 6.

Results of meta-analysis showed that total
insulin dose was lower in patients receiving
DPP4 inhibitors plus basal or supplemental
insulin compared to basal bolus regimen (MD
— 14.26; CI=-2246, - 6.06; p=0.001)
(P =92%, p=0.001) in the random-effect
model (Fig. 3).

Number of Insulin Injections

The descriptive results of the number of insulin
injections in each study are presented in
Table 6. Pasquel et al.’s study showed a weigh-
ted mean difference of — 0.8 (95% CI = — 1.08,
— 0.52) for the number of insulin injections.
The weighted mean difference for the number
of insulin injections in Garg et al.’s study was
—1.10 95% CI = — 1.97, — 0.52). In Umpierrez
et al.’s study, the weighted mean difference for
the number of insulin injections was — 0.6
(95% CI=-1.05, — 0.15). Vellanki et al.’s
study showed a weighted mean difference of
— 1.00 (95% CI = — 1.74, — 0.26) for the num-
ber of insulin injections.

Results of meta-analysis showed that the
number of insulin injections was significantly
lower in patients receiving DPP4 inhibitors plus
basal or supplemental insulin compared to the
basal-bolus regimen (MD — 0.79; CI = — 1.01,
—0.57; p=0.001) (I = 0%, p = 0.68) (Fig. 4).

Hypoglycemia

In Pasquel et al.’s study, the relative risk (RR) of
hypoglycemia was 0.77 (95% CI = 0.39, 1.52).
The RR of hypoglycemia was 1.00 (95% CI =
0.07, 15.33) in Garg et al.’s study. In Umpierrez
et al.’s study, the RR of hypoglycemia was 0.90
(95% CI = 0.14, 5.92). In Vellanki et al.’s study,
the RR of hypoglycemia was 0.14 (95% CI =
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Table 3 Bascline features of the participants, inclusion and exclusion criteria of the studies

Studies Background Inclusion criteria Exclusion criteria

medication ()

Pasquel Diet alone 33 Non-critically ill patients with T2DM BS greater than 22.22 mmol/l, history of
et al. OAD 166 admitted to hospital, between 18 and DKA, recent treatment with a DPP4
[14] 80 years of age, BS between 7.8 and inhibitor or GLP1 receptor agonist,

Insulin alone 66 . . . . .
22.2 mmol/l, treated at home with diet, current gastrointestinal obstruction,
Insulin + OAD OAD, or with insulin patients without oral intake for more
60 therapy < 0.6 units per kg/day than 48 h, patients who require
admission to an intensive care unit,
current acute MI, cardiac surgery, history
of pancreatitis or active, hepatic discase,
eGFR < 30 and pregnancy

Garg et al.  None 13 Age > 18 years with T2DM and ICU admission, a history of DKA or

[15] Metformin 40 HbAIC < 7.5% on < 1 non-insulin hyperosmolar state, insulin treatment
hypoglycemic agent or HbAIC < 7.0% before admission to hospital, unable to
Sulfonylurea 12 Lo . o .
on < 2 non-insulin hypoglycemic agents,  take oral food or medications, systemic
Insulin 0 admission to hospital for a non-critical steroid use, pregnancy or breastfeeding,
Other 1 illness history of pancreatitis or active
gallbladder disease, dialysis,
hypersensitivity to saxagliptin

Umpierrez  Diet alone 5 T2DM with a BS of between 140 and BS > 400, history of hyperglycemic crises,
et al. OAD 30 400 mg/dl, between 18 and 80 years of ICU admission, expected to require
[16] age, and treated at home with diet alone, cardiac surgery, history of pancreatitis or

Insulin alone 14 L . . . .
any combination of OADs, or low-dose active gallbladder disease, corticosteroid
Insulin + OAD insulin at a daily dose < 0.4 units/kg therapy, hepatic disease, impaired renal
7 function, pregnancy

Vellanki None 24 Patients with T2DM who were admitted to ICU admission, outpatient treatment with
et al. Oral agents 170 hospital for a non-cardiac surgical a DPP4 inhibitor or a GLP receptor
[13] procedure, 18-80 years of age, BS agonist, gallbladder disease, history of

Insulin only 25

OAD + insulin
31

between 7.8 and 22.2 mmol/l, on
diet alone, OADs, or low dose insulin

therapy < 0.5 units/kg/day

pancreatitis, hepatic or renal disease,

chronic steroid use

OAD oral antidiabetic drugs, ICU intensive care unit, BS blood glucose, 72DM type 2 diabetes, DKA diabetic ketoacidosis,

MI myocardial infarction, eGFR estimated glomerular filtration rate

0.03, 0.59). The descriptive results of the rate of
hypoglycemia in each study are presented in
Table 6.

Results of meta-analysis showed that the rate
of hypoglycemia was not significantly different
between the two groups, i.e., DPP4 inhibitor
plus basal or supplemental insulin as interven-
tion group compared to basal-bolus as

comparator group (RR 0.60, CI =0.340, 1.07;
p =0.08) (? = 37.3%, p = 0.18) (Fig. 5).

Treatment Failure

RR of treatment failure in Pasquel et al.’s study
was 0.85 (95% CI =0.51, 1.43). In Umpierrez
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Table 4 Bascline characteristics of participants

Studies Age (years) Male/

female

Intervention group (DPP4
inhibitor + basal or

Comparator group (basal-bolus
insulin)

supplemental insulin)

Baseline BG Baseline Baseline BG Baseline HbAlc
(mg/dl) HbA1c% (mg/dl) (%)
Pasquel et al. 56.9 + 109 166/111 2142 £ 109.6 87 24 217.8 + 106.2 8.6 £ 2.1
(14]
Garg et al. [15] 68 £ 10 30/36 156.1 + 78.9 6.6 £ 0.5 152.8 £ 52,5 6.5 £ 05
Umpierrez et al.  57.6 £ 12 31/24 203 + 48 84621 2249 + 74 84621
[16]
Vellanki et al. 58 £ 1.5 126/124 198 + 39 7.6 + 4.1 198 + 414 8+ 42
[13]
BG blood glucose, HbAIc hemoglobin Alc
Table 5 Results of meta-analysis
Outcomes RR or WMD with 95% CI p value P (%) Statistical model
Blood glucose level 4.63 [— 1.57, 10.83] 0.14 14 Fixed effects
Total insulin dose — 1427 [— 2247, — 6.07] 0.001 92 Random effects
Treatment failure 0.87 [0.64, 1.18] 0.38 49 Fixed effects
Hypoglycemia 0.60 [0.34, 1.07] 0.08 37.3 Fixed effects
Number of insulin injections —0.79 [— 1.01, — 0.57] 0.001 0 Fixed effects

CI confidence interval, RR relative risk, WMD weighted mean difference, CV coefficient of variation

et al.’s study RR of treatment failure was 1.34
(95% CI = 0.24, 7.43). In Vellanki et al.’s study
RR of treatment failure was 1.81 (95% CI = 0.88,
3.74). The descriptive results of each study are
presented in Table S.

Results of meta-analysis showed that the risk
of treatment failure was not significantly dif-
ferent between the two groups (RR 0.87, CI =
0.64, 4.8; p = 0.38) (I* = 49%, p = 0.11) (Fig. 6).

Metabias Analysis

Results of metabias analysis showed no small-
study effects (p = 0.22).

Influence Analysis

Results of the influence analysis showed that
there was no outlying study (Fig. 7).

Risk of Bias

The risk of bias summary is presented in Fig. 8.

DISCUSSION

This meta-analysis indicates that DPP4 inhibi-
tors plus basal or supplemental insulin are non-
inferior to standard basal-bolus insulin regimen
in the management of hyperglycemia in the
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Study %
D WMD (95% Cl) Weight
Mean blood glucose level

Pasquel (2016) 1.80 (-9.65, 13.25) 2935
Garg (2017) 2.90(-9.93,15.73) 23.36
Umpierrez (2013) -4.10 (-20.02, 11.82) 15.17
Vellanki (2018) ; 12.60 (1.66, 23.54) 3212
Overall (I-squared = 14.3%, p = 0.321) <<> 463 (-1.57,10.83) 100.00

T
-235 0
Favors [ DPP4 inhibitor+ insulin]

T
235

Favors [ basal bolus insulin]

Fig. 2 Mean daily blood glucose level. There was no significant difference in mean blood glucose between the two groups

(p = 0.14)

short term during the hospital stay in patients
with type 2 diabetes. The DPP4 inhibitor group
required a lower insulin dose per day and a
lower number of insulin injections during the
hospital stay. Treatment failure and the rate of
hypoglycemia were not different between the
two groups.

There are multiple trials to investigate the
efficacy, safety, and cardiovascular outcome of
DPP4 inhibitors in outpatient settings [17-21]
and the novelty of the current study is investi-
gating the effect of DPP4 inhibitors in the
management of hospitalized patients with
type 2 diabetes.

Prevalence of hyperglycemia and diabetes in
the hospital was reported to range from 38% to
40% in observational studies [3]. Hypoglycemia
is the most common side effect of the treatment
of diabetes in hospitalized patients. Insulin is a
“high-alert” drug and one of the top five high-
risk medications leading to adverse events in
hospitalized patients. Errors in insulin dosing or
administration are higher than other com-
monly used medications, such as heparin and
morphine [22, 23]. In hospitalized patients,

hypoglycemia is associated with increased
short- and long-term mortality [24].

A study by Amori et al. reported 2598 inpa-
tient errors with hypoglycemic agents between
August 1, 2000, and December 31, 2005. Insulin
was involved in 82% of errors, and oral hypo-
glycemic agents were involved in 18% of errors
[23].

Thus a regimen with a lower rate of insulin
injection could improve inpatient management
of hyperglycemia. In recent years there has been
interest to find alternative therapies to insulin
in the hospital management of hyperglycemia.
The use of oral hypoglycemic agents during the
hospitalization is generally not recommended
because of the limited data on their safety and
efficacy, and also due to the risk of hypo-
glycemia and contraindications such as critical
illness, renal failure, risk of severe hypo-
glycemia, risk of ketonemia, patients who are
candidates for surgery, lack of oral tolerability,
and prolonged fasting.

Among antidiabetic drugs, incretin therapies
such as GLP1 receptor agonists and DPP4 inhi-
bitors show promise in the inpatient
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Study %

ID WMD (95% Cl) Weight

Total insulin dose

7
i
i

Pasquel (2016) —— -9.90 (-14.20, -5 60) 26.25
H
:
!

Garg (2017) — 1090 (1544, .636)  26.03
]
i

Umpierrez (2013) —_— 1160(21.12,-208) 2048
E

Vellanki (2018) — ! 2370(2673,-2067)  27.24
:
:

Overall (l-squared = 92.0%, p = 0.000) <> -14.27 (-22.47,-6.07) 100.00

1
1
i
NOTE: Weights are from random effects analysis i
1

T
-26.7 0 26.7
Favors [ DPP4 inhibitor+ insulin] Favors [ basal bolus insulin]

Fig. 3 Total insulin dose per day was lower in patients receiving DPP4 inhibitors (p = 0.001)

Study %

ID WMD (95% Cl) Weight

Number of insulin injection

-
:
1

Pasquel (2016) — -0.80 (-1.08, 0.52) 60.59
1
'
:

Garg (2017) . 1.10(-1.97,-023) 6.44
-

Umpierrez (2013) —}—+— -0.60 (-1.05,-0.15) 24.16
i

Vellanki (2018) _ e 1,00 (-1.74, 0.26) 8.81

Overall (I-squared = 0.0%, p = 0.686) <> -0.79(-1.01,-057) 100.00

T T
-1.97 0 1.97

Favors [ DPP4 inhibitor+ insulin] Favors [ basal bolus nsulin]

Fig. 4 Number of insulin injections was significantly lower in patients receiving DPP4 inhibitors (p = 0.001)

management of diabetes [25, 26]. DPP4 inhibi- tolerability [6, 7], but rare adverse events such as
tors are attractive for use in non-critically ill heart failure (with saxagliptin), bullous pem-
hospitalized patients with type 2 diabetes owing phigoid, and pancreatitis have been reported

to the low risk of hypoglycemia and good [27].
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Study

Hypoglycemia
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Garg (2017)

Umpierrez (2013)

Vellanki (2018)
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ES (95% Cl)
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1.00 (0.07, 15.33)
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%

Weight

70.83

443

927

15.47

100.00

T
0316 1

Favors [ DPP4 inhibitor+ insulin] Favors [ basal bolus insulin]

T
316

Fig. 5 Relative risk of hypoglycemia was not significantly different between the two groups (p value = 0.08)

Study

Treatment failure

Pasquel (2016) —_—

Umpierrez (2013)

ES (95% Cl)

0.85 (0.51, 1.43)

Vellanki (2018) —

i
i
i
i
i
1
1
L
i
i
1
1
i
S
i
i
i
Overall (-squared = 28.7%, p = 0.246) <j>
i
|
i
i
1
i
i
i
1
i

\
2 1.34(024,7.43)
1.81(0.88, 3.74)

1.11(0.74,1.67)

%

Weight

62.50

571

31.78

100.00

T
135 1

Favors [ DPP4 inhibitor+ insulin] Favors [ basal bolus insulin]

743

Fig. 6 Relative risk of treatment failure was not significantly different between the two groups (p = 0.38)

To the best of our knowledge, this study is inhibitors add-on insulin on blood glucose
the first meta-analysis of randomized clinical control in hospitalized patients compared to a
trials that investigated the effect of DPP4 standard basal-bolus insulin regimen.
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Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

Pasquel (2016)

Garg (2017)

Umpierrez (2013)

Vellanki (2018)

-6.67 -2.27 4.46 11.20 14.54

Fig. 7 Influence analysis: there was no outlying study

Selective reporting (reporting bias)

Blinding of outcome assessment (detection bias)
Other bias

Garg 2017

Pasquel 2016

Umpierrez 2013

® | ©® | ® | © cinding of participants and personnel (performance bias)

®|®|® | ® | ncomplete outcome data (attrition bias)

® | ® | ® | ® | Random sequence generation (selection bias)
® | ® | ® | ® | Alocation concealment (selection bias)

Vellanki 2018

Fig. 8 Risk of bias summary

The results of this meta-analysis revealed
that the DPP4 inhibitor group required a lower
insulin dose per day with a significant mean
difference of — 14.27 and a significantly lower
number of insulin injections during the hospi-
tal stay. It may be helpful to decrease the risk of
errors in insulin dose or administration in the
inpatient management of type 2 diabetes.

Three of four included trials in this study had
the same results as the comparison of hypo-
glycemic events between the two groups and

there was no significant difference between
groups. But the trial by Vellanki et al. showed
significantly fewer hypoglycemic events in the
DPP4 inhibitor group. The results of the meta-
analysis showed that the pooled relative risk of
hypoglycemia in the four trials was not differ-
ent between the two groups. It seems that more
studies with a higher number of participants
may be needed to evaluate the risk of
hypoglycemia.

Recently, a real-word study by Luis M. Pérez-
Belmonte et al. enrolled 190 patients with
type 2 diabetes hospitalized in non-cardiac sur-
gery wards, who were treated with linagliptin-
basal insulin regimen and 347 patients with
type 2 diabetes hospitalized in non-cardiac sur-
gery wards treated with basal-bolus insulin reg-
imen. After matching, the results of the analysis
revealed that linagliptin plus basal insulin was
an effective alternative with fewer hypo-
glycemic events in hospitalized patients with
type 2 diabetes with mild to moderate hyper-
glycemia, in real-world practice [28]. Our meta-
analysis of randomized trials revealed similar
results to this real-word study in blood glucose
control, rate of treatment failure, total daily
insulin dose, and the number of insulin
injections.

Recently glucose variability and time in
range are of interest in the achievement of
better clinical outcomes [29]. In the current
meta-analysis, one of the included studies pub-
lished by Garg et al. reported results of glucose
variability. Data of continuous blood glucose
monitoring that was available in only 36
patients, 20 in the saxagliptin group and 16 in
the comparator group, showed that glycemic
variability was lower in the saxagliptin group
compared to the insulin group. They concluded
that lower glycemic variability may be an
additional advantage of using DPP4 inhibitors
in the hospital management of type 2 diabetes
[15]. More studies with continuous blood glu-
cose monitoring are needed to compare the
glucose variability between different approa-
ches to the management of hyperglycemia in
the inpatient settings.

I\ Adis



Adv Ther

Limitations

The trials included in this study were hetero-
geneous for baseline characteristics of included
patients. They had a small number of patients, a
short duration, and the outcome assessment
parameters were not uniformly defined.

CONCLUSION

Although included trials were heterogeneous
for baseline characteristics of included patients,
had a small number of patients, a short dura-
tion, and some outcomes assessment parame-
ters were not uniformly defined, this meta-
analysis revealed some interesting evidence,
suggesting that DPP4 inhibitors plus basal or
supplemental insulin are non-inferior to stan-
dard basal-bolus insulin regimen in the man-
agement of hyperglycemia in hospitalized
patients with type 2 diabetes and lead to lower
total daily insulin requirement and lower rates
of insulin injection.
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